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Solves 


JHIO DEPARTMENT OF HIGHWAYS 


THE Ohio Department of Highways, under 
the Federal-aid highway program, has 
aken progressive steps in researching and 
leveloping aerial photographic interpretation 
echniques to investigate foundation safety 
nd assist right-of-way purchase. Successful 
implementation of research and development 
a this field has been highlighted by the 
ollowing practical results: 

¢ On a proposed highway location, new 
hotogrammetric analysis revealed an un- 
table slope and potential landslide condition 
hat was previously unknown. A potentially 
angerous and costly failure was treated by 
vecial design. 

* Photogrammetric analysis of another pro- 
osed location revealed a mined-out landform. 
_ potential foundation problem was thus 
dotted and knowledge of the condition will 
3sist right-of-way appraisal if the location is 
lected. 

* In yet another landslide investigation, 
Iditional right-of-way was purchased where 
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Ohio Photogrammetric 





Highway Foundation 
and Right-of-Way Problems 


Digested from the third interim report on the research 
yroject ‘Measure and Depict Trouble Areas in Stereo Models,”’ 
vy WAYLAND F. NORELL, Aerial Engineering Section, 


the effect of highway cuts would affect 
property outside the normal right-of-way 
requirement. This application is considered 
less costly than subsequent renegotiation and 
damage. 

e Photo patterns showed a highway loca- 
tion to be safely separated from an old mine; 
whereas, a 1904 map incorrectly indicated a 
serious problem by a one-half mile error in the 
mine’s location. 

e States attorneys, in another instance, 
reported that without mining data produced 
through photo interpretation applications 
they would have been handicapped in nego- 
tiations with the owners of subsurface mining 
rights on land beneath a highway. 


Research in Progress 


Principally, the research emphasizes the 
detection of photo patterns from stereo- 
models in photogrammetric plotting instru- 
ments that illustrate specific foundation 


Research 


problems in areas where highways may be 
located (1).! 

Stereomodels (stereopairs), as used in aerial 
surveying and map making, consist of two 
aerial photographs of the same area taken 
from two different camera positions. When 
properly viewed stereopairs create a mental 
impression of three dimensions. 

Manuals incorporating annotated stereo- 
pairs are presently being used by the Ohio 
Department of Highways to train stereocom- 
pilers to recognize visual clues that forewarn 
of probable foundation problems (2). 

Originating in 1964, research and develop- 
ment in this field is being conducted in south- 
eastern Ohio, where highways are often 
unavoidably routed through terrain rated as 
major for landslide severity. In addition, the 
area is dotted with coal mines, both active and 


1Jtalic numbers in parentheses identify the references 
listed on page 179. 
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Figure 1.—Photogrammetrically produced highway design map showing delineated and 
symbolized landslide areas. 


abandoned, with many old mines unrecorded 
on coal maps. 

Topographic maps that portray the land 
contours and patterns of an area in sharp, 
vivid detail are studied for possible contour 
anomalies. Figure 1 is a portion of a photo- 
grammetrically compiled highway design map 
with a symbolized landslide area. Contours 
shown in the figure reveal an intercepter ditch 
that diverts up-slope water away from the 
slide area. This unstable slope was detected 
solely by photo interpretation. 

Although the landslide manual (2) was 
limited in its scope to unglaciated landforms, 
the instability in figure 1 occurred in an area 
where glaciation had encroached. Therefore, 
the photo patterns developed can also be 
applied to glaciated terrain. 

Obviously, an unstable slope condition, if 
undetected, would result in embankment fail- 
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ure involving considerable expense to repair. 
In fact, the money saved by knowing of and 
being able to avoid or design for terrain prob- 
lems has been estimated to be considerably 
greater than the cost of this research. 

Another application for landslide detection 
has been utilized. On one highway relocation, 
slide-prone slopes were detected. Cuts would 
provoke sliding beyond normal right-of-way 
requirements; therefore, additional property 
was taken to include the remainder of the 
slides. It should be noted that the land that 
the relocation traverses is of limited value 
when contrasted with the cost of renego- 
tiations. 


Related Research 


A second phase of research involves docu- 
menting aerial photo patterns of subsurface 
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mining. A manual documenting subsurf 
mining photo patterns has been compiled (8) 
Potential foundation problem areas resultiny 
from mining, and thus areas where foundatial 
investigation. should be concentrated, ar 
incorporated in the manual. Also included i 
a section on coal outcrop mapping for right 
of-way appraisal and acquisition. 

Accurately predicting the position of coz 
seams and the outcrop in relation to th 
proposed highway centerline is made possibl 
by combining photo interpretation and photc 
grammetry. The map which is produce 
expedites right-of-way appraisal and acquis 
tion and permits an equitable settleme | 
regarding the affected coal seams. Personne 
of the Aerial Engineering Section have pre 
pared this type of map for a number of higk 
way projects (4). 

One such request involved a researcher i 
problems that tested his knowledge of geology) 
photogrammetry, and photo interpretation 
He had to interpret and compile an 8-mi 
extension to a previously compiled coal ow 
crop map. His investigation revealed a CO: 
seam that, following the regional dip, dé 
scended more than 200 feet through tk 
landforms. Because of this dip, progressive] 
younger stratigraphic members, ineludin 
three coal seams, outcropped and wel 
mapped. The coal outcrop map was then use 
for right-of-way appraisal and acquisition j 
the vicinity of an Interstate highway. 

Figure 2 illustrates the application of phot 
patterns. The multiplicity of roof collaps« 
around the perimeter of the landform indicat¢ 
the lateral extent of the mine workings. Ar 
highway cut would reduce the amount of ro’ 
over the mine. One solution to a shallow mir 
is to set the highway grade below the mit 
floor, thereby removing the problem. TH 
knowledge that the landform is mined out w) 
also assist an appraiser during right-of-wd 
acquisition. 

Today the landform is traversed by } 
feasibility alinement under consideration for) 
State highway relocation. If this landform } 
crossed, the information about its associate 
problems will be of greater value than, f) 
example, the cost of producing the previous 
mentioned photo interpretation manual. 








{ 


Practical Applications 


Interstate and State roads, in terms f 
right-of-way, have been appraised for aay 
sition by using knowledge gained frop 
interpreting aerial photographs. Several sears 
in various proposed highway areas also hab 
been analyzed by the same method. T 
following two paragraphs illustrate how iG 
mation delineated on maps derived from aer 
photographs has been beneficial in securif 
safe rights-of-way for highways. 

A 2-mile stretch of land being conside 
for a proposed highway contained coal 0 
crops, drift mine entries, strip mines, and ¢ 
shafts within the right-of-way. These proble 
conditions, which were detected and sy 
bolized, showed subsurface mining below t 
proposed highway. Small voids were found 
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station had detected and predicted their 
Jation. 

4 mislocated mine caused a unique problem. 
qe original (1904) map of the abandoned 
mae showed the mine workings beneath a 
| yyposed highway. The map contained a gross 
-eor. If the mine were actually located as 
‘yieated, voids would have been 10 feet 


| 


below the proposed grade, and some roof 
collapse would have occurred during the in- 
tervening years. By utilizing photo patterns 
developed for the mining manual, the mine 
was actually found to be located one-half 
mile west of where the 1904 map had it 
erroneously placed. At the actual site the 
mine is well below the proposed grade of the 
road. 





Figure 2.—Application of photo patterns showing mine workings. 
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Occasionally people seek help from the 
Ohio Department of Highways regarding a 
specific problem. In one instance an aban- 
doned coal tipple or coal-screening plant site 
was involved in a right-of-way dispute. By 
merging the mine map with an air-photo map 
of the area and using photo interpretation, it 
was determined that two coal seams were 
embedded in the landform. The seam of greater 
value was virtually mined out, and thus the 
highway appraiser had some valid information 
for negotiating with the land owner. 


Engineer-In-Training Program 


Since 1966 engineering graduates entering 
the Ohio Department of Highways have been 
given a l-week Air Photo Interpretation 
Short Course. This course, part of a more 
comprehensive program, introduces all engi- 
neering functions related to the Department. 
To date, 140 Engineers-In-Training have 
taken the course. 

The course is specifically designed to teach 
the fundamentals of photo interpretation. 
Selected stereopairs are used as models to 
teach various applications of photo interpre- 
tation to specific foundation problems. 

Manuals containing aerial photographs of 
landslide prone areas and subsurface mining 
are used as the basic teaching materials. 
These are used in conjunction with other 
appropriate stereopairs, which have been 
selected during years of photo evaluation. 

The importance and immediate value of 
this research becomes clear when one realizes 
that terrain problems that affect highways 
are not always discernible from the ground, 
even while trudging the very area where they 
exist. This can be attributed to vegetation 
obscuring the terrain. One must know where 
to look before finding troublesome areas from 
ground observation. If one has seen aerial 
photographs of an area and is trained in ter- 
rain interpretation, it is then relatively simple 
to find existing or potential problem areas. 

Implementing aerial photo interpreting 
techniques has more than proven economically 
feasible. Substantial expense is saved by 
knowing precisely where to locate highways, 
thus avoiding costly foundation problems or 
minimizing them by designing the highway 
to treat the foundation problem. 
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Pretesting Concrete Quality By Gamma- 
Ray Backscattering 


Innovative Nuclear Gage Provides Quick, Accurate Results 


A PROTOTYPE portable nuclear gage 
with the potential for conducting rapid, 
accurate, and nondestructive field tests to 
determine the cement content of wet (plastic) 
portland cement conerete has been developed 
through research sponsored by the Federal 
Highway Administration and Atomic Energy 
Commission (1).1 The research was con- 
ducted by the Texas Nuclear Division, 
Nuclear-Chicago Corp., Austin, Texas. 
Although no suitably rapid method for 
making this analysis is available for all 
aggregate types, this novel device has proven 
applicable where the aggregate is essentially 





italic numbers in parentheses identify the references 
listed on page 183. 
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siliceous in nature. Accuracy declines rapidly, 
however, with aggregate mixes containing 
limestone. Final implementation of the instru- 
ment is subject to more extensive laboratory 
tests and field evaluation. 

The portable battery operated gage has 
three basic parts: probe assembly, electronic 
digital analyzer, and sample _ presentation 
units. Enlcosed in aluminum and hermetically 
sealed, the probe assembly (fig. 1) contains 
the radioisotope sources and radiation de- 
tector. The electronic digital analyzer (fig. 2) 
provides power for the probe, pulse amplifi- 
cation, and output display. Hither of two 
sample presentation units, one hand-held and 
the other small-volume, house the probe 
assembly, depending on the type of test to 


be made. The hand-held unit (fig. 
inserted in freshly placed concrete o 
roadway to conduct in-place tests. Wet 
crete samples are packed into the gs 
volume unit (fig. 4) to sample concrete b 
it is paved. 

Because cement content of concrete } 
important factor in determining stru 
strength and because measurements sk 
be made on-site and within the short 
available between delivery and_ placin 
avoid allowing unsatisfactory concret 
harden, this portable, rugged and simp 
operate gage should prove valuable to — 
way builders and inspectors. 

In the application of this method, adva 
is taken of portland cement’s essen 
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stant composition. Its major element, 
sium, has a high atomic number and thus a 
h absorption coefficient for gamma rays 
¢apared to other elements usually found in 
concrete matrix. In a mixture of water, 
:ceous ageregate, and cement, the last plays 
most prominent role in determining the 
crall absorption coefficient for low-energy 
ama radiation; thus, variations in cement 
(‘tent can be sensitively detected. 

[he device employs an innovative gamma- 
' backscatter technique in a submersible 
be. Two radioisotope sources, americium 
{n%4!) and cesium (Cs!87), are used with a 
itillation counter device. Americium emits 
fow-energy radiation and cesium emits a 
h-energy radiation. The electronic unit 
ultaneously registers the two backscatter 
ansities, and cement content is interpreted 
m a calibration curve. 

‘rom an analysis of gamma-ray reflections 
| the calibration curve, researchers have 
nable to determine the quantity of cement 
a plastic concrete mix. Measurements are 
igned to tell within minutes whether the 
‘contains the proper amount of cement to 
iduce cured concrete of acceptable quality, 
S preventing a bad batch from being 
ced in the highway. 


Testing Procedure 


Cray fluorescence and low- and high-energy 
mufoma radiation scattering techniques were 
d to study the influence of variables such 
iesregate type, particle size, water content, 
ik density, and air entrainment resin. Four 
i¢ geometrical arrangements of source and 
f#ector, three backscatter and one direct 
osmission, were the techniques employed to 
estigate these variables. 

Jomparative tests on two backscatter 
fangements of probe and sample, surface 





Jamma-ray backscatter is simply the reflection of un- 
thed gamma rays in a direction approximately opposite 
of the normal radiation given off by the emitting radio- 
7eé Substance. Reflections from the concrete particles of 
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Figure 1.—Probe assembly. 





digital analyzer. 


Figure 2.—Electronic 
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and subsurface types, showed the latter to be 
superior. With regard to the effect of variable 
ageregate particle sizes and for similar source- 
detector spacings, the subsurface gage was 
twice as sensitive to variations in cement 
content. 

There was a reduced effect of particle size 
shown by the subsurface probe. This was 
attributed mainly to the smaller shadow effect 
of the large particles because the source was 
more remotely located from the sample. 

By comparison, transmission geometry was 
sensitive to particle size and sample hetero- 
geneity or different ingredients in the com- 
position. 

The range of intensity variation from sample 
to sample for the transmission gage is consid- 
erably greater than for the backscatter gage, 
and the variation from point to point is even 
ereater (and in some samples exceeds the total 
change over the entire cement factor range). 
But if the average radiation intensities of each 
cement factor group, normalized to the value 
of the lowest cement factor, are plotted, the 
sensitivities of the two geometries are very 
similar. Thus the transmission arrangement 
appears to offer no advantage in sensitivity 
and is considerably more affected by sample 
heterogeneity, in comparison to the subsurface 
backscatter arrangement. 
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Figure 3.—Hand-held sample-presentation unit, including probe assembly. 
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LEAD SHIELD 


WET- CONCRETE 
SAMPLE HOLDER 


Figure 4.—Small-volume sample presentation unit with probe assembly in standard position. 


Effects of Aggregate Type 

It is clear that the Am?! backscatter in- 
tensity is strongly dependent on the type of 
aggregate used in the mix. This is not unex- 
pected because the chemical composition from 
one aggregate to another is highly variable. 

In a report (2), experimental 
results on four siliceous and one calcareous 
aggregate showed that by normalizing each 
intensity to that obtained on the aggregate 
alone, the four siliceous curves fell on a single 
calibration curve. The calcareous aggregate 
gave a different response, but still with suffi- 
cient sensitivity to permit a reasonably 
accurate measurement. 

Only small aggregates were used in the early 
studies and differences in composition of the 
Siliceous aggregates were fairly small. This 
was obviously not the case for the coarse 
aggregate siliceous mixes used in current 


previous 
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studies. Here the effect of the limestone 
content of the coarse fraction is very marked. 
Limestone, in fact, creates problems and has 
not been accurately measured by this system. 

In the present study, Am*4! backscatter 
measurements were also made on dry samples 
of aggregates to investigate the possibility of 
normalizing the response. Measurements were 
made separately on fine and coarse material 
and also on a three parts coarse to two parts 
fine mix. For fine material the intensity varia- 
tion between remixes was less than 1 percent 
and within acceptable statistics. For coarse 
and coarse-fine mix, the relative standard 
deviation in the average intensity was about 
5 percent. 

The intensity obtained for the three parts 
coarse to two parts fine mix provided a good 
normalization point, although the fit was not 
perfect. The intensity on the raw aggregate 
was very sensitive to sample packing density, 
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which was the reason the coarse-fine mi 
gave a lower reading than either the coai 
fine material alone. | 

One encouraging aspect of this investig 
was the relatively small change in the slc 
the calibration curve in contrast to the 
change in intensity between aggregates. 
suggests that by more careful measureme 
the aggregates and with more extensive e2 
ence, it may be possible to predetermin 
response curve of a mix containing a cca 
aggregate to an acceptable degree of accu 


Effects of Water Content and it 
Density 








Water content per se in the range of © 
8.3 percent introduces a negligible error i)t 
interpreted cement factor. Errors result mi! 
from the accompanying change in 
density. 
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Bulk density effects are significant, and 
typically a change of +1 Ib./cu. ft. produces 
yn error equivalent to +£0.3 sack/cu. yd. in 
the determined value of cement content. 

The method of bulk density measurement 
smployed in these experiments was not always 
vecurate, and errors led to imperfect correla- 
jons. It was noticed, for example, that the 
lensity gage reading was somewhat sensitive 
jo the surface water layer and, in general, was 
iffected by sample compaction at the surface; 
yhereas, the subsurface Am?! backscatter 
tage was not. 


Reliability Study 


Additional measurements on the hardened 
oncrete standards and further investigation 
if the Am?4! subsurface backscatter gage 
lesign well demonstrated its potential for 
letermining cement quantity in concrete mixes 
f known aggregate type. 

' Despite the long source-detector separation 
f the Cs37 gage, the correlation between the 
scattered intensity and that of the Am*! gage 
ppears good. 

| For aggregate mixes containing a high pro- 
ortion of limestone, the accuracy required of 
he density gage is more stringent, and it is 
nlikely that the desired accuracy goal of 
20.3 sack/cu. yd. will be reached. Other 
ifficulties with aggregates, e.g., chemical 
eterogeneity from sample batch to sample 
atch, are also evident. Further measurements 
re needed. 





























theoretical Drawbacks of Other Nu- 
slear Approach: Activation Analyzer 


Investigations of activation analysis on 
ik material have so far been inconclusive. 
sectrum interference is a major problem 
iless high resolution detectors are used, and 
ese require continuous liquid nitrogen 
yoling. Half-life discrimination can be ap- 
ied, but this adds to the analysis time and 
so introduces more sophistication in tech- 
que. Furthermore, high intensity neutron 
wurees are required. Machine generator 
‘urces are unattractive for field use and 
dioisotope neutron sources of sufficient out- 
it require substantial shielding, thereby 
crificing portability. 

Despite its drawbacks, neutron activation 
‘obably has the best future potential in the 
‘alysis of cement in concrete. However, 
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neutron activation would require a radioiso- 
tope source such as Californium-252 and 
relatively sophisticated electronic apparatus. 


Evaluation of Gamma-Ray 
Scattering 


The method of low-energy gamma-ray 
scattering using the Am! source in sub- 
mersible backscattering geometry appears to 
offer a practical means of cement content 
determination in concrete mixes comprising 
aggregates that are predominately siliceous 
in character. Although applicable to aggregate 
mixes which contain some limestone, the 
accuracy degenerates rapidly with increasing 
limestone content as a result of the reduction 
in the intrinsic sensitivity to cement factor 
and the increase in the bulk density influence. 

The submersible gage design allows a repre- 
sentative sample measurement and does not 
appear to be affected by aggregate particle 
size and water content per se. 

For siliceous type aggregates, the necessary 
compensation for bulk density variation can 
be accomplished by using a gamma-ray back- 
scatter gage employing Cs!87, Cesium can be 
accommodated conveniently in the same 
probe envelope and used as a practical method 
of carrying out the two radiation measure- 
ments from which the minimum of interfer- 
ence of one on the other was developed. The 
measurement technique also minimizes the 
effect of electronic drift, ambient temperature 
change, and other factors which would deny 
operationa] reliability. 

Further laboratory evaluation is clearly 
needed to investigate the major technical 
problems of aggregate heterogeneity of batch 
samples and bulk density determination. 

Aggregate composition is the most out- 
standing and obvious source of difficulty and, 
although it appears possible to classify the 
aggregate and hence the calibration curve by 
radiometric determination, it will be necessary 
to accumulate more data with a larger variety 
of aggregates to establish a workable set of 
curves. 

For bulk density measurement, the long- 
spacing Cs!7 source arrangement appears 
adequate for predominantly siliceous aggre- 
gates where an accuracy equivalent to 1 lb./cu. 
ft. in density is required to achieve an accuracy 
equivalent to 0.3 sack/cu. yd. in cement factor. 
To obtain the higher accuracy in the bulk 


density (~0.3 lb./cu. ft.), which is obviously 
required in the calcareous aggregate mixes, 
redesign will be necessary. 


Future Design Improvements 


The basic design is flexible and could 
accommodate future improvement and modi- 
fication, such as: 

1. Improved means of detector gain stabili- 
zation to permit more extensive use of the 
probe for, example, in the hand-held acces- 
sory, with less frequent standardization. 

2. Investigation of alternate scintillation 
crystals and the employment of a steel filter 
to improve the accuracy of the bulk density 
measurement on matrices of variable chemical 
composition. 

3. Possible relocation of the high- and low- 
energy backscatter components to simplify 
operation in the wet sample holder and in the 
sheath unit. 

Although it appears that this device has an 
excellent chance of eventually being imple- 
mented, it is not ready for immediate field 
application. Its use, this far, is severely 
limited to siliceous aggregate mixes. It does 
not accurately measure the cement content of 
calcareous aggregate mixes, and most concrete 
mixes contain calcareous aggregates. 

Additional laboratory research and evalua- 
tion at FHWA’s Fairbank Highway Research 
Station is in progress—its purpose: to evaluate 
the instrument and determine whether a basis 
exists for supporting the research necessary 
for refinement of the device so that in the 
field it will accurately determine the cement 
content of any concrete mix. 
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Loading History of a Highway Bridge— 


Comparison of Stress Range Histograms 


Reported by CHARLES F. GALAMBOS, 
Structural Research Engineer, 

Federal Highway Administration, 

and CONRAD P. HEINS, JR., Associate 
Professor, University of Maryland 


Introduction 


OR several years extensive field tests have 

been performed to determine the loading 
history of the main load carrying members of 
highway bridges. Promoted on a national scale 
by the Federal Highway Administration 
(FHWA), this project has been guided by 
committees from the American Society of 
Civil Engineers and the Highway Research 
Board. 

Actual field testing and data gathering are 
being done by various agencies; consequently, 
some differences occur in the final data 
presentation. A series of stress range histo- 
grams, in which the magnitude of the stress 
range is plotted as the abscissa and the 
percentile of the total number of stress ranges 
as the ordinate, is normally the primary 
product of each study. Sizable variations in 
percentages based on the same number of 
truck passages may occur, depending on how 
many vibrations caused by a single truck are 
recorded. 

As it is desirable to draw some common 
conclusions from these tests, and because the 
field test results are being adapted to labora- 
tory fatigue tests, some standardization of 
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Results of a loading history test—measuring truck stress waves—on a 
rural bridge in Maryland are presented here. Two data gathering tech- 
niques, both employing histograms, are discussed and their application 
described. Only one stress response per truck crossing is recorded by one | 
technique, although more than one is recorded by the other procedure. 
Composition and weight of truck traffic were taken into consideration 
during the test, as were occurrences of multiple crossings, which pro- 
duced higher average stress ranges than single crossings. Several methods 
of estimating bridge fatigue life are also presented. ' 





recording, data reduction, and presentation is 
important. 

Differences that may result in the shape of 
a stress range histogram, as well as the 
resulting importance of these differences, are 
described herein. In addition, a common 
approach to data presentation is suggested, 
and several methods relating field test results 
to an estimation of the structure’s fatigue life 
are explored. 


Field Test 


The comparison of results is based on a 
cooperative field test conducted on a bridge 


BY THE OFFICE OF RESEARC 


{ 
in Maryland in July 1969. A crew from 4 
University of Maryland’s Civil Engin 
Department prepared the bridge site for ti 
ing and attached strain gages. Separate | 
simultaneous data recordings were made, f : 

| 





eight sets of two adjacently placed gages, 
the University of Maryland crew and byé 
crew from the Structures and Applied I 
chanics Division of the FHWA. 

The bridge, a three-span continuous sti 
ture built in 1949 is located on U.S. 301 I 
Maryland Route 4. Constructed of steel ” 
sections with a 7-inch thick concrete deck, } 
bridge carries southbound traffic across4 
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Figure 1.—Bridge structure—U.S. 301, Marlboro bypass, southbound. 


n the photographs, and construction details 
re given in figure 1. 
Hight sets of strain gages were placed on SECTION |. SECTION 2 | SECTION 3 SOUTH 
hree of the seven girders at three cross — 
ections (fig. 2). Most comparisons in this 
-eport were based on readings obtained from 
age position Bl, which is on the second 
aterior girder on the right side facing south 
nd at the middle of the first span. A more 
xact description of gage locations is given in 
he University of Maryland report (Z) }. 
The two gages at each location were ori- 
nted in the longitudinal direction on the 
ottom flange and placed side by side as 
lose as physically possible. One gage served VIEW LOOKING SOUTH 
he University of Maryland’s recording equip- 
ient and the other served FHWA’s equip- 
rent. There should have been no differences 
‘1 strain readings between the two gages. A 
Calculated design stresses, based on the 1944 GIRDER oe 
ASHO Bridge Specifications, for a point 

wresponding to gage position Bl were: 

ead load, 5.9 k.s.i.; and live load with go Gt DINE eee oe 

fopact, 12.1 k.s.i. 4 GAGES ON SECTION 3 
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Data Acquisition and Reduction 


| University of Maryland Data.—The data 


¢quisition system used by the University of Figure 2.—Strain gage locations. 





‘Numbers in parentheses identify the references listed on 
ge 191. 
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Figure 3.—Typical strain trace caused by 3-axle dump truck. 


Maryland recorded a strain trace from gage 
Bl each time a truck crossed the structure. 
A typical trace or response curve, produced 
by a three-axle dump truck is shown some- 
what idealized in figure 3. Different axle con- 
figurations produced slightly different traces. 

The University’s instrumentation record 
traces from each gage on oscillograph paper 
for the passage of 1,275 trucks. The principal 
data reduction for this test consisted of ob- 
taining the maximum stress range only for 
each record. Maximum stress range, S,, is 
defined in figure 3. Notes made during the 
test permitted each record to be related to a 
specific truck. Occasionally two trucks crossed 
the bridge simultaneously; however, only one 
record was produced. 

Dynamic field data were obtained with a 
light beam oscillograph and two 4-channel 
carrier amplifiers. A time-line generator and 
event marker system permitted evaluation 
of the axle spacings and vehicle speeds. 

The dynamic records were edited and read 
on a digital data reduction system. The sys- 
tem translated selected points on the record 
to a digital output, which was punched on 
punch ecards. 

Data from the vehicle classification notes 
were also punched on ecards. Several com- 
puter programs were subsequently used to 
further process the data and produce the 
desired output of strains and vehicle types. 

FHWA Data.—This data acquisition system 
used by FHWA was an automated computer 
controlled system that takes output analog 
voltages from the strain gages, digitizes the 
voltages, and stores and tabulates strain 
ranges for specified periods of time (2). 
Visual strain traces were not recorded, nor 
were notes taken to relate individual strain 
ranges to specific trucks. 

The usual period of recording was 1 hour, 
4 minutes of which were used for typing the 
results. No strains were recorded during 
typeouts. Data between the two recording 
systems for selected hours were correlated by 
marking the exact time on the University’s 
notes when sampling began and ended.on the 
FHWA system. Strains were sampled for 63 
hours by the FHWA system, sometimes 
continually for 24 hours. 
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Figure 5.—Comparison of stress range histograms. 











Figure 4.—Definition of stress ranges, S,.—FHWA equipment 
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A definition of a stress range recording in 
e FHWA system is shown in figure 4. The 
shed line represents a level of strain below 
lich no recordings are made. This level, 5 
croinches per inch of strain in the subject 
it, was set to eliminate counting small 
rations produced by automobiles. 

Figure 4 shows that, in addition to the major 
ess range, several other stress ranges are 
‘orded as long as the trace goes beyond 
} dashed line and returns to the zero level. 


ble 1.—Number of stress ranges during 
7-hour comparison 


Number of occurrences 





Stress range 
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Maryland 
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Figure 6.—Distribution of truck types, 7 selected hours. 


Thus, it is possible for one truck to produce 
a number of stress ranges at a point on a 
bridge. In fact, some secondary stress ranges 
caused by one truck may be larger than the 
maximum stress range from another truck. 

Trafic Description—Rural high-speed 
traffic crosses the bridge from a nearly flat 
or gently rolling terrain. The speed limit is 
55 m.p.h., but vehicle speeds were not meas- 
ured in the study reported here. 

The average daily traffic, based on a 1968 
traffic count, was 10,500 vehicles (17 percent 
trucks). The makeup of the truck traffic is 
described later. 


Comparison of Field Data 


Stress Range Histograms——The following 
comparisons are based on data obtained from 
7 selected sampling hours. Both Maryland 
University and FHWA data were recorded 
from the same 350 trucks. Trucks missed by 
the FHWA system during typeouts were 
excluded from the Maryland University data. 
Therefore, any differences apparently were 
due to the difference in the number of stress 
ranges only. 


The two stress histograms of the 350 trucks 
are shown in figure 5. A marked difference 
appears in the two sets of data, which show a 
very large percentage of small values (600 
p.s.i.) for the FHWA data. Note that the 
stress ranges always originate from zero. For 
example, the bars above 2.4 to 3.0 k.s.i. 
represent a stress range from zero to some 
value between 2.4 and 38.0 k.s.i. 

The actual numbers of stress ranges for the 
two sets of data are given in table 1 where, 
but for one exception, the FHWA column 
shows a greater number of stress ranges in each 
level. In the Maryland University data, only 
304 stress ranges were produced from the 350 
trucks because there were several multiple 
crossings that produced only one record. 

Truck Traffic Composition.—Composition of 
truck traffic is shown in figure 6 for each hour 
of the 7-hour comparison, as well as for the 
7-hour total. 

No trucks were weighed during the test, but 
in July of the previous year (1968), all trucks 
in the adjacent northbound lane were weighed 
during a 7-day period (3). There is no reason 
to believe that northbound traffic is different 
from southbound traffic, nor is it probable that 
the mean gross weight of the trucks changed 
in 1 year. Therefore, it is assumed here that 
the mean gross weights of the five truck types 
were as follows: 


Qi Aa See eee ee 10-15 kips 
Oar ee ere ee 45-50 kips 
ZS Vk RS pen ey ce OR 25-30 kips 
DS 2s 59 se ee aid ae es 35-40 kips 
SO aes: eee ies © ee 50-55 kips 


For the 7-hour comparison, the frequency of 
assumed mean gross weights per truck type is 
shown in the left half of figure 7. 

Stresses above 3 k.s.t.—According to previous 
laboratory fatigue tests, stress ranges below 
the material’s fatigue limit seem to have no 
effect on the structure’s life expectancy and 
can therefore be ignored. However, recent 
tests at Lehigh University (4) on the fatigue of 
weldments tend to show that there may not 
be a material fatigue limit. There is however a 
practical fatigue limit, in that it would take 
almost forever for small stresses to cause 
detectable damage. 

But what are small stresses? If all the stress 
ranges below 3.0 k.s.i. are dropped from both 
columns of table 1, very few numbers remain 
and it becomes difficult to make statistically 
meaningful data comparisons. Hven so, a 
t-test shows that at the 95 percent confidence 
level there are no significant differences in the 
means of the two sets of data above 3.0 k.s.i. 

A more meaningful comparison of the Mary- 
land University and FHWA data can be made 
if all values above 3.0 k.s.i. are compared for 
the entire test period (table 2). The Maryland 
University data were recorded only during 
daytime hours, whereas FHWA data include 
some nighttime traffic. The previously selected 
7-hour data (table 1) are included in table 2. 
Maryland University data were collected on 
1,275 trucks during random hours over 4 
consecutive days. FHWA data were collected 
in 61 hours and involved an estimated 2,500 
trucks, 
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No significant difference between the means 
of the two sets of numbers in table 2 was 
found at the 95 percent confidence level. 
When these numbers are converted to per- 
centages, the stress range histograms shown 
in figure 8 represent the best estimate of the 
stress ranges above 3.0 k.s.i. to which the 
bridge is subjected at the maximum positive- 
moment section in the end spans during 
present-day traffic. The corresponding truck 
traffic distribution with assumed mean gross 
weight is shown in the right half of figure 7. 

Multiple Crossings ——The bridge under in- 
vestigation is a 2-lane structure, and occasion- 
ally two or more trucks cross the bridge at 
the same time. It is also possible to have more 
than one truck in the same lane at the same 
time as the three spans total 136 feet. 

Multiple crossings were noted and recorded 
during some of the sampling periods. Table 3 
compares the stress ranges produced by 53 
multiple crossings with 1,170 single crossings. 
The stress-range mean value was approxi- 
mately 2.3 k.s.i. for multiple crossings, and 
approximately 1.9 k.s.i. for single crossings. 
The difference is significant at the 95 percent 
confidence level, although none of the 53 
multiple crossings produced a stress range 
greater than 4.2 k.s.i. 

The 53 multiple crossings compared with 
the 1,170 single crossings should not be taken 
as a true indication of the frequency of oc- 
currence of multiple crossings. The definition 
of multiple crossing in this test is very loose: 
it means that there was not time to make two 
clearly separate strain records when two or 
more trucks were on the bridge simultaneously. 
Trucks could have been separated by as much 
as 150 feet as they crossed the bridge. More- 
over, the 53 multiple crossings and the 1,170 
single crossings occurred in about 32 daylight 
hours during a 4-day period. 


Probable Fatigue Life 
Given certain material behavior character- 


istics under cyclic loading, and with certain 
other assumptions, an attempt can be made 
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Figure 7.—Frequency of mean gross weight. 


to determine the probable fatigue life of this 
structure. 

Since there are no stress raisers, as in partial 
length cover plates, it is assumed that the 
governing material behavior will pertain to 
plain rolled beams. The most critical section 
is the positive-moment section in the side- 
spans, where B1 is located. The bridge is made 
continuous by riveted splices, which of course 
are not in high-moment locations. The nega- 
tive stresses, both calculated and measured, 
were not as high as the positive-moment 
stresses. 

There are several different methods of 
estimating the structure’s fatigue life, each 
somewhat related. These methods and the as- 
sumptions associated with them are presented 
next. 

Root Mean Square Method.—Some limited 
laboratory fatigue data (4) indicate that 
random, variable load stress ranges can be 
related to constant stress ranges by calculating 
the root mean square of the variable ranges. 
This is then assumed to produce the same 
damage as the constant stress range of the 
same value. By using the measured stress 
ranges and their frequencies above 3.0 k.s.i., 
a root mean square stress of 3.6 k.s.i. can be 
obtained. 

In recently completed extensive constant- 
cycle fatigue tests at Lehigh and Drexel 
Universities, the following relationship be- 
tween constant cycle life and stress range for 
A-36 plain rolled sections was developed: 


Log N=10.637—2.943 Log S, «L) 
where, 
S,=stress range 


The laboratory investigation at the uni- 
versities did not go beyond 10 million cycles, 
but it is assumed that equation (1) holds true 
beyond this point. By substituting 3.6 k.s.i. 
for S, in the equation, a life of 1 10° cycles is 
obtained. 

The present average daily traffic (ADT) 
across the bridge is about 10,000 vehicles. If 
it is assumed that 20 percent of the ADT is 
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truck traffic, about 730,000 trucks will er: 
the bridge each year, and if it is further assun\ 
that 12.5 percent of these trucks produce ! 
percent stress ranges above 3.0 k.s.i., ab: 
182,500 damage producing stress ranges 
occur per year. If whatever the traffic lacl 
in weight and frequency in the 20 years of | 
bridge’s life is made up in the next 20 yes 
40 182,500=7,300,000 cycles of damage p 
ducing stress will have occurred in the 40-y\ 
span. This is still far below the 1 X 10° ey cles ¢ 
failure previously mentioned. 

Another procedure is to calculate backwa 
in equation (1). Substituting 7.3 million cy: 
for N results in a stress range of 18.7 ki 
which is above the combined dead- and li 
load allowable stress. | 





Table 2.—Stress ranges above 3.0 k.s.. 


Number of occurrences 


Stress range 











University of FHW. 
Maryland 
k.s.i | 
i460 ee se eee eee 1 2 
4.3=):4 See een 1 3 
42-43 ee ee ee ee a 10 
$.6-40¢ 2s eee 36 51 
3,053: 6.2252 eae ea ee 107 230 
‘Total ee reee eeeerene 152 296 





Table 3.—Stress ranges induced by multi 
crossings 

















Number of occurrences 
Stress range 
Multiple Single 
crossings crossings 
kus. 
6.4-6.0 cu soee eno ee els eee 1 
48-542 eee a eee ene eee 1 
4 2a4. Bet ee Soa eae ee ee 7 
3.6-4:2., 7s ee eee 4 32 
3.0-3.6: 98 2 7 100 
2.4-3:0 eS eee 12 201 
1.8-2:4. 322 Se 15 246 
1:21 8 > SS ee 10 297 
0.6512 32 er ae ee 5 251 
0,0=0.6 22222. Sees. See) Seeor a eee 34 
Total eonesse 53 1,170 
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| Miner’s Method.—A common procedure for 
mating cumulative fatigue damage is to 
se Miner’s hypothesis (6), which says that 
amage is proportional to the number of 
pplied cycles divided by the total number 
| ecessary to produce failure at a certain stress 
Fuge, and that the summation of all the 
actions at the various stress ranges is equal 
y»unity at failure. 

‘This method requires an appropriate S-N 
irve and the number of cycles at the various 
ress ranges must be known or _ properly 
) timated. Instead of an S—N curve, equation 
) will be used, again with the assumption 
iat it holds true beyond 10 million cycles. 
Based on the field test, it is estimated that 
Be 182,500 yearly stress ranges above 3.0 
si. are distributed as follows: 


Stress 
B.S .1. range 
tet. 127, 750 
) 36, 500 
ee ae es 9, 125 
‘oll eee eee 5, 475 
eae 1, 825 
Ts ecscs Se eS ent ee 1, 825 


30, it is again assumed that both the number 
d the distribution of stress ranges can be 
\d constant for 40 years. 
The summation of the fractions is less than 
1005, which confirms the previously deter- 
ned fact that the tested bridge does not 
ve a fatigue problem. 
Hxtreme Load Method.—lIt is often argued 
})xt, although there is no present danger of 
Tigue distress in a highway bridge, the 
ight and number of trucks using it continue 
increase, and this must be considered in 
(ure bridge life. This argument is not 
(irely valid because it should be recognized 
. 1t neither the weight nor the number of 
ticks on any road can increase without 
lits. 
fruck volumes are rarely more than 200 per 
fir on a highway. If the truck percentage 
| Treases, not only does the total traffic volume 
“Crease, but the average traffic speed also 
“%reases and the level of service generally 
-\Ceriorates. However, to illustrate the effect 
wn extreme load condition, it is attempted 
e to produce an upper limit of truck traffic 
}acity across this bridge. 
) ‘he Highway Capacity Manual (6) indicates 
tt it is possible under ideal conditions to 
fe 420 trucks per hour on a 2-lane, one-way, 
‘Nl highway, in addition to some 1,200 cars, 
traveling at 35 m.p.h. This adds up to 
80 trucks per day or 3,679,200 per year. 
/Temaining service life of 30 years more is 
med, the bridge will then supposedly 
¢’y about 100 million truck crossings. 
t will be assumed for this calculation that 
east half of the trucks are fully loaded to 
| kips—a gross weight limit that is not 
2 rely unreasonable. This of course is not 
§ stantiated by the present field tests. 
“2 approximate relationship between gross 
' cht and live load stress range was developed 
‘n earlier investigation (7) for simple spans. 
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Adapting this relationship to the present case, 
the following expression evolves: 


Co 05360 (2) 


where G, is the gross weight in kips. For 100 
kips this results in a stress range of 6.6 k.s.i. 
Assuming this to be the root mean square 
stress range introduced earlier, substituting 
S,=6.6 k.s.i. into equation (1) will result in 
the 210 million cycles necessary to produce 
failure. 

Again, it is evident that even under such 
abnormal traffic conditions, no fatigue distress 
will result in the plain rolled section under 
study. If the bridge had been constructed with 
beams that had partial length, end-welded 
coverplates, it could only withstand about 4 
million cycles of a 6.6 k.s.i. stress range. 
However, it could withstand the more realistic 
root mean square stress range of 3.6 k.s.i. 
about 24 million times. Again, it is assumed 
that the appropriate Log N vs. Log S, 
relationship is valid beyond 10 million cycles. 


Discussion 


The stress range histogram, as presented for 
the stresses above 3.0 k.s.i. (fig. 8), is 
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Figure 8.—Stress ranges above 3.0 k.s.i. 


considered meaningful and is representative 
of the present conditions on this structure. 

The truck traffic classification is also be- 
lieved to be representative of true conditions. 
A somewhat lower reliability should be placed 
on the truck weight data because it was 
obtained the previous summer and borrowed 
from the adjacent roadway. 

The dual truck crossing data should be 
regarded with caution. Apparently fewer 
meaningful dual crossings occur than the data 
indicate. 

Of the ways of estimating the structure’s 
fatigue life, the root mean square method 
appears most promising, although whether 
this approximation of a constant stress cycle 
is always valid must be tested further in the 
laboratory. 

The extreme-loading method is somewhat 
exaggerated; however, it does serve the pur- 
pose of illustrating that for beams without 
stress raisers there is not likely to be a fatigue 
problem. 

The assumption that the several Log N vs. 
S, relationships remain linear beyond 10 mil- 
lion cycles is probably incorrect, but his 
assumption yields conservative results. 


Conclusions 


The following conclusions and recommenda- 
tions are based on the field test results and the 
fatigue analysis. 


e Significant differences in the shape of 
stress range histograms can occur, depending 
on the inclusion or exclusion of the several 
secondary stress ranges produced by a single 
vehicle. 


e No significant difference in the shape of 
the stress range histograms resulted when only 
stress ranges above 3.0 k.s.i. were considered. 
This conclusion may not be universally appli- 
cable to other bridges; and it is recommended 
that in other field tests, in addition to re- 
cording the major stress range produced by 
each vehicle, any secondary stress ranges 
above 3.0 k.s.i. be recorded. 


e There was a significant difference between 
mean of stress ranges caused by dual crossings 
when compared with those of single crossings. 
More experimental evidence on the nature and 
frequency of dual or multiple crossings needs 
to be gathered, including testing in a variety 
of traffic situations. 


e It appears that the main load carrying 
members of this bridge have not and are not 
likely to suffer fatigue distress caused by 
traffic induced stresses. However, this conclu- 
sion has not been verified for the deck rein- 
forcing steel and secondary members, such as 
the diaphragms. 


e Further laboratory fatigue work is rec- 
ommended, both to extend S-N curves to as 
much as 200 million cycles, and especially to 
determine the effects of variable loading. 


(Continued on p. 191) 
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The Effect of Vehicle Positioning 
on Lag Acceptance 


BY THE OFFICE OF RESEARCH 


Introduction 


TUDIES on gap or lag! acceptance at 
S intersections or merges can be grouped into 
two broad categories: (1) studies establishing 
the amount of time involved in the per- 
formance of gap acceptance maneuvers under 
varying conditions; and (2) studies concerned 
mainly with decision-making processes and 
hypotheses regarding these processes. 

Greenshields, et al. (1),2 who conducted the 
first of these studies, investigated the amount 
of time a driver needed to accept a gap in 
cross-flow traffic. It determined that 
turning maneuvers required a greater amount 
of time than the uncomplicated crossflow gap 
acceptance. Studies of the same general type 
have been performed by Raff (2), Robinson 
(3), Homberger (4), Moore (4), Bissell (6), 
Solberg and Oppenlander (7), Herman and 
Weiss (8), and Wagner (9). Researchers whose 
studies fall into the second catagory include 
Brain (10); Hurst, Perchonik, and Seguin (11); 
and Gibbs (72). An excellent review of most 
of these investigations has been compiled 
by Gordon (18). 

Many roads are so constructed that drivers 
of entering vehicles must seek a lag or gap from 
an extreme viewing angle. This is especially 
true of merges into moving traffic from an 
acceleration lane. For example, merges from 
a 180-degree angle require either an awkward, 
body and head movement or 
the use of a mirror just to see clearly and thus 
make a decision. 

The purpose of this study was to investigate 
whether a difference exists in lag acceptance 
for drivers entering the traffic flow 
rom 90-, 135-, and 180-degree angles, with 
regard to the main traffic flow. At the 180- 
degree angle, subjects were first required to 
decisions without using the rearview 
mirror and then using the rearview mirror 
only. This study was designed to test the 
hypothesis that the angular position of the 
vehicle with regard to the main stream of 
traffic will not affect the lag acceptance time. 


was 


disorienting 


imes 


{ 
A 
¢ 
i 


make 


{A lag is the period that elapses from the time a vehicle 
stops at an intersection and the first vehicle from the through 
street enters the intersection. A gap is the period that elapses 
between the arrival of two successive through-street vehicles 
in the intersection. 

2 Italic numbers in parentheses identify the references 
listed on page 191, 
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Procedure and Apparatus 


Twelve subjects, seven males and _ five 
females, took part in the study. Three subjects 
were employees of the Federal Highway 
Administration and nine were hired for the 
experiment. Ages ranged from 17 to 53 
years, with the median age being 23.5 years. 

A 1966 Chevrolet 4-door sedan served as 
the observation car in which the subjects sat. 
Because of mechanical problems two approach 
cars were used: a 1964 Ford station wagon 
and a 1968 Oldsmobile 4-door sedan. Both 
cars were equipped with speedometers that 
were certified for true speed and were cali- 
brated in increments of 2 m.p.h. 

Two roads at FHWA’s Fairbank Highway 
Research Station were used for the experiment. 
The approach vehicle traveled on the main 
road and the observation vehicle with its 
subject driver was stationed on the szde road. 
A 2- 3-foot white sign, mounted on a stand, 
was placed on the shoulder of the main road 
at the experimental decision-point distances 
from the subject ear. 

For each test the subject car was positioned 
adjacent to the main road at one of the three 
angles. At the 180-degree position the subject, 
in one case, made a merging decision by 
turning his neck and body to observe the 
approaching vehicle. In another case the 
subject used the inside rearview mirror. The 
outside rearview mirror was kept covered at 
all times. 

The subject assumed the position of a 
driver who had just halted for a stop sign 
before entering a main street. Right turns 
were made from positions of 90 and 135 
degrees, but the subject continued straight 
ahead from the 180-degree position. While at 
the intersection the subject was asked to 
state whether or not he would merge in front 
of the approaching vehicle when that vehicle 
was even with the white sign. 


Design 


The complete experiment was a 24 
factorial design, but a 23 analysis of variance 
was performed because the 180-degree angle 
with mirror was not a fourth angular condition. 
Judgment from the 90-, 135-, and 180-degree 
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merges (with and without a mirror for 
degrees only) were made for an approjh 
vehicle at 125 and 175 feet. Half the subjifs 
began their judgments with the 125-4, 
distance and half with the 175-foot distay 
The position of the subject vehicle was s 
counterbalanced. | 

The method of limits was used to estaksh 
the judgment threshold. In a descencig 
series, for example, the approach car chanad 
its speed in increments of 2 m.p.h.—if he 
first approach was at 30 m.p.h., the secid 
was at 28 m.p.h. and the third at 26 m./\f. 
This procedure was reversed for the ascent ; 
series. 


Results and Discussion 


The mean threshold speeds for the anglar 
vehicle positions and distances are give: 
table 1. Table 2 contains the results of! 
analysis of variance that was performecon 
the data. | 

The F ratio in table 2 is less than unity 
the factor of angular position; therefore, 
hypothesis that vehicle position will not a2¢ 
lag acceptance behavior must be retai 
Although not reaching the level of statiscal 
significance, the data do indicate that sub 
tend to accept higher speeds (i.e., shortelag 
intervals) as the vehicle position changes } 
90 to 180 degrees. This is true at both 
125- and 175-foot distances. Several ¢ jst 
were performed on the data between the 30- 
degree position without the mirror, and i 
the mirror for both the 125- and 175 
distances. The ¢ ratios are not significant 
would be expected, there is a significant 
ference between the approach speed thres! 
for the 125- and 175-foot judgment dista 


q 


Table 1.—Mean threshold speeds 














Vehicle speeds 
Angle ne 
125 feet 175 fee 

degrees m.p.h. M.D. 
90 Lie 25. 
135 17.6 26. 
180 19.0 26. 
180 (mirror) 19.9 28. 
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Sums of squares 


Table 2.—Analysis of variance 





1D) | Mean squares 





The mean velocity thresholds were con- 
verted to time thresholds (table 3). The most 


' interesting information from the data in table 
i 3 is that the size of the accepted lag, when 


expressed as a time, is remarkably similar for 
both distances. It appears that a driver allows 


himself the same amount of time for this 


maneuver at both distances despite different 
approach speeds at 125 and 175 feet. This 


‘evidence supports a time theory of gap or lag 
acceptance.’ 


The analysis of variance indicates that 


there is no significant difference between the 










ut 
7 


1 






































put 





“angles at which the vehicle is positioned, but 


there is a significant difference well beyond 


the 0.01 level for the two distances at which 


judgments are made. 
Previous studies have reported mean lag or 


: zap acceptance times for a right turn from a 
“190-degree position. Bissell (6) reported a time 
of about 5.5 seconds but Solberg and Oppen- 


lander (7) indicated a time of over 7 seconds. 
The shorter acceptance time of the present 
xxperiment probably results from drivers not 
wctually having to drive in front of the ap- 
yroach vehicle. Apparently the difference 
‘epresents a lowering of the driver’s normal 


_ 3aution. 


a 4 


3The time hypothesis is that a driver makes a precise 
stimate of the time of arrival of an approaching vehicle. 
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Table 3.—Mean thresholds 
time (secs.) 


converted to 


Time 





Angle 


125 feet 175 feet 





degrees 
90 


135 
180 
180 (nirror) 
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Resurfacing—one method of retiring pavement discussed in this article. 


ervice Lives of Highway Pavements— 
A Reappraisal | 
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BY THE OFFICE OF 
HIGHWAY PLANNING 


Introduction 
The analyses presented here are based on data submitted by 19 States 
covering their construction and retirement activities from January 1, 
1929 to January 1, 1968. Because every State did not construct every 
roadway -surface type, the results of some analyses are for a composite 
of less than 19 States. Of the 170,296 miles of highway pavements retired, 
59.3 percent was resurfaced, 29.5 percent reconstructed, 1.6 percent 
abandoned, and 9.6 percent transferred to other public authorities. 

On January 1, 1968, the average age of the intermediate-type surfaces 
was 15.5 years, and of high types, 11.6 years. Corresponding remaining 
life expectancies of the mileages in service were 6.2 and 10.9 years. The 
analyses indicate that average age and remaining life expectancy of the 


IGHWAYS do wear out. Because they 
- wear out, highway programs must consider 
continuous resurfacing and _ reconstruction 
operations to maintain highways in a usable 
and safe condition. Accordingly, a knowledge 
of service lives of highway pavements is 
essential. 
Research in this field has become more 
meaningful since the fall of 1935 when road 
life studies were incorporated as a phase of 


the statewide planning surveys. 

In addition to data upon which to base 
calculations of average service lives of roadway 
surfaces, these studies also provide the means 
for obtaining construction costs; salvage 
values of retired roadway elements; and 
service lives of structures, gradings, and rights- 
of-way. 

This report is the fifth in a series of compre- 
hensive analyses of the service life character- 
istics of roadway surfaces conducted in the 
last 380 years by the Federal Highway Adminis- 
tration. The first was reported in 1940 and 
the fourth in 1968 (1, 2, 3, 4). 


1Ttalic numbers in parentheses identify the references 
listed on p. 204. 
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high-type surface are stabilizing after a long period of increasing age 
and decreasing remaining life. 

Based on the service lives developed in this study, the probable miles 
remaining in service for the next 10 and 20 years were estimated. Of the 
total miles remaining in service on January 1, 1968, it was estimated 
that 60 percent will be retired for different reasons by January 1, 1978, 


and 87 percent by January 1, 1988. 


Average service lives of pavements were 
derived from statistical analyses of construc- 
tion and retirement rates, using survivor 
curves, similar to the process used by the lfe 
insurance business. The following road sur- 
faces on the primary rural highway system 
were analyzed: 





(1) Bituminous surface treated (F). 
(2) Mixed bituminous (G1). 

(3) Mixed bituminous (G—2). 

(4) Bituminous penetration (H-1). 
(5) Bituminous penetration (H-2). 
(6) Bituminous concrete (I). 

(7) Portland cement concrete (J). 


August 1971 © PUBLIC ROAD! 








RO, 


For the purpose of further analyses, the 


| byen surface types were also combined into 





4 


o major groups, as follows: 

Intermediate type: Includes bituminous sur- 
hee-treated (F), mixed bituminous (G-—1) 
bombined thickness of surface and base less 
jan 7 inches), and bituminous penetration 
1J-1) (combined thickness of surface and 
iase less than 7 inches). 


| High type: Includes mixed bituminous 


/ 14-2) (combined thickness of surface and 


lase 7 inches or more), bituminous penetra- 
ion (H-2) (combined thickness of surface 
lad base 7 inches or more), bituminous 
pnerete (1), and portland cement concrete 
iN). 

| Definitions of technical terms, reasons for 
‘tiring pavements, and detailed descriptions 
“ surface types are listed under Definitions 
, the end of this article. 


Road Life Studies Essential 


In the last 10 years, the increase in highway 
affic and in heavy axle-load applications 
is placed a tremendous burden on existing 
ghway pavements. What effect has this 
affic increase had on the service lives of 
ghway pavements? 


The highway plant itself is the proving 
ground from which can be obtained facts 
relating to past and present performance of 
the different types of highway construction 
under varying degrees of use. An evaluation 
of these facts is essential to sound planning 
and engineering design for the orderly de- 
velopment of a highway network. Road life 
studies conducted by State highway depart- 
ments provide the means for obtaining data 
upon which such evaluations can be made. 
Among the major objectives of road life 
studies is the development of factual data 
relating to average age, probable life, remain- 
ing life expectancy, and what is done to the 
roadway surface at the time of retirement 
and replacement. 

Facts concerning service lives of various 
road-surface types are in demand by industry 
eroups who have specific interest in road types 
that use their products, by highway depart- 
ment administrators who require data on 
replacement intervals, and by engineers who 
need to know the service life of roads so that 
they can design them to carry desired traffic 
loads over the expected service life. In eco- 
nomic studies, knowledge of the life expectancy 
of both new and existing construction can be 
of utmost importance in assigning economic 


life and terminal values to existing and future 
investments. 


Results of Analyses 


The analyses presented are based on data 
submitted by 19 States covering their con- 
struction and retirement activities from Jan- 
uary 1, 1929, to January 1, 1968. Because 
every State did not construct every surface 
type, the results of some analyses are for a 
composite of less than 19 States. Retirement 
methods for the 170,296 miles of highway 
pavements retired include the following: 
59.3 percent resurfaced, 29.5 percent recon- 
stucted, 1.6 percent abandoned, and 9.6 
percent transferred to other public authori- 
ties. Approximately 89 percent of all retire- 
ments were by resurfacing and reconstruction, 
indicating no significant change in the per- 
centage of retirement by method from that 
reported in the 1968 report (4). 

On January 1, 1968, the average age of the 
intermediate-type surface was 15.5 years, and 
the average age of the high-type surface was 
11.6 years. The remaining lfe expectancies 
were 6.2 and 10.9, respectively. The analyses 
indicate that average age and remaining life 


expectancy of the high-type surface are 


{ Loo DATA NOT AVAILABLE 
) 
Wi) DATA ANALYZED 





Figure 1.—States reporting road life mileage data. 
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stabilizing after a long period of increasing 
age and decreasing remaining life. 

Based on the service lives developed in this 
study, the probable miles remaining in 
service for the next 10 and 20 years were 
estimated. Of the total miles remaining in 
service on January 1, 1968, it was estimated 
that 60 percent will be retired for different 
reasons by January 1, 1978, and 87 percent 
by January 1, 1988. 


Factors Influencing Results 


The average service life of a road surface 
is the average period after construction that 
the surface remains in service prior to being 
replaced, reconstructed, or otherwise taken 
out of service for any reason or by any 
method. In actual practice, only a small 
percentage of individual road sections of 
the same type have a service life exactly 
equal to the average life for that type. Service 
lives derived from road-life data relate to 
the service-life characteristics of roadway 
surfaces by highway system; they do not 
necessarily apply when a study is confined to 
a particular section of road, for the same 
reason that life insurance actuaries do not 
apply the average life and expectancy of 
humans to a particular person. It, therefore, 
becomes necessary when estimating the 
service life of a particular road section to 
consider such factors as age, structural 
condition, design features, location, and 


Table 1. — Bituminous surface treated (F) mileage constructed each year and mileage remaining in service January 1 of each year 

















traffic conditions peculiar to that section. 
Only through the use of expert engineering 
judgment in the evaluation of these factors 
is it possible to arrive at an estimate of the 
remaining service life for a particular road 
section. A possible procedure for estimating 
remaining service life of existing pavement 
sections is discussed by Corvi and Bullard (4). 

The many factors that have an impact on 
construction practices and in turn influence 
the trend of expected service life of road 
surfaces include: administrative policy, avail- 
ability of materials and manpower, change or 
influence of politics, increased activity due to 
State legislative action, construction activity 
in neighboring States and in other fields of 
construction, civil defense activity, and any 
unusual or extended nationwide highway 
program. 

Moreover, these factors tend to influence 
service lives, age and expectancy, methods of 
retirement, and so forth. The composite 
influence of such factors can be determined 
only from the findings of road life studies 
conducted on a system basis. With these 
findings, the planning for future highway 
development can be undertaken with more 
confidence. 


Basic Data Compiled 
The basic data compiled for the purpose of 


this report cover the period from January 1, 
1929, to January 1, 1968, and includes 286,889 


{Compiled from data submitted by 18 States] 










































miles of construction of the seven surfa 
types on rural sections of the State prima! 
or Federal-aid primary highway system. Ti 
participating States, illustrated in figure 
reported their construction and retireme; 
activity for the period January 1, 1929, | 
January 1, 1968, the cutoff date. The bas} 
summaries submitted to the Federal Highw: 
Administration consisted of the following: 


e Miles constructed each year and mil 
remaining January 1 of each year for ea 
surface type. 

e Miles retired by method and replaceme) 
type by 5-year periods. 

e Miles retired by method of retirement } 
5-year periods. 

e Miles transferred off the system. 

Service life analyses were made for t; 
following seven major surface types and f 
high and intermediate surface types. (Detail. 
descriptions are listed under Definitions at e1 
of article.) 

e Bituminous surface treated (F). 

e Mixed bituminous (G—1) (combined thie 
ness of surface and base less than 7 inch; 
and/or low load-bearing capacity). 

e Mixed bituminous (G-2) (combined thic, 
ness of surface and base 7 inches or me: 
and/or a high load-bearing capacity with 
without rigid base). 

e Bituminous penetration (H-1) (combin 
thickness of surface and base less than/ 
inches and/or low load-bearing capacity). 


| 
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| 
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Construction Mileage remaining in service January 1, each year 
Year Miles 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 | 
Ope eS 598. 8 19. 4 1272 9.0 8.2 8.0 8.0 7.9 7.9 7.9 7.9 7.9 5.4 5.4 5.4 5.4 | 
HERO. | 1,220.9 129. 4 94, 1 84.9 82. 7 78.8 78.4 itp ih 68. 3 67.7 64. 6 64. 6 64. 6 54. 0 52.2 52.2 
TOSI. TSG | SRE 228. 6 186. 4 ial 162. 8 156. 0 147.6 146. 4 145.8 26. 4 120.9 110.0 95.1 90. 0 83. 0 
1932_--..-| 1,456.5 232. 4 221.8 185. 9 165. 3 154. 2 147.3 139. 5 136. 5 94.7 94.1 94.1 94,1 93.7 93. 6 93. 6 
ieee See 1,811.8 | 431.4 380. 2 335. 7 265. 0 228. 7 221.0 192. 6 172.9 167. 6 120. 6 108. 8 108. 1 106. 6 102. 6 102. 6 
19340228 | 1,748.4 445.0 424, 7 344. 0 315. 4 289. 8 284, 2 276. 6 273.0 247.0 223.9 196, 1 182. 9 174.9 174.9 169, 4 | 
1oghemes 2 | 1, 504.2 383. 3 355. 8 317. 6 292. 1 240. 8 231. 8 206. 8 190, 5 160. 3 146. 7 146, 7 135.8 133. 4 116. 9 112.6 
1936.22.22 2, 322, 4 734, 8 639. 6 573.3 548, 8 507. 5 456. 0 432, 2 417.6 388. 2 377.7 358. 2 342.4 Shih 300. 1 283. 3 
By (oe hae 1, 791. 0 660. 4 643. 3 608. 0 562. 6 475.4 431.2 400. 3 375. 4 345.4 340. 7 322, 4 316. 5 300. 2 292. 6 288. 0 
TqsQ eee 3,480.8 | 1,330.2] 1,300.3] 1,202.9] 1,158.2] 1,070.9] 1,006.8 912.3 865. 9 809. 4 787. 5 728. 8 676. 5 663. 3 632. 2 616. 0 | 
1980 22 -e- 3,007.9] 1,314.3 | 1).223)2)) 1142/8 1 91,066,2 996. 7 902, 2 845, 2 808. 8 760. 7 695. 1 665. 0 618. 0 572. 2 549. 8 508. 0 
(O40 ee 3,508.5.| 1,876.3 || 1, 74901 |)" 1,661.9) | 1,56850' 1) 91552872519 1,453!)'8 i 1304.60) 91) 288,31] 1265.4) 1 203) Lael 161s 5 le de lose eO 74s One Os2n6 1, 005. 6 
(O41 ee 2: "103. 7 Pd, 669. 30 15 688221 0512.00 1542656 1 1.832, Gite 212.6) led 128020 100.40 eel OSOL OMe tN04325 985. 7 927. 4 915.3 898. 8 864. 4 
10122 ees 2330590) Te bS2N 7a 42409 led, S24 See O30 nous 130) ta meth OOS 7a ima OLONS 983. 5 931. 6 870. 4 828. 8 807. 6 779.6 753. 5 728. 4 
1945 eee 1,631.8 | 1,084.2 968. 1 885. 1 864. 2 785. 6 744. 6 703. 7 682. 4 662. 7 634. 7 603. 5 567.8 526. 6 507.3 481.9 
1944_____. ISAC 871. 5 791.2 753. 7 696. 1 643. 1 607. 4 586. 0 539. 7 533. 1 512. 6 497. 4 448, 9 411.9 399. 5 379.8 
1945 1, 205. 8 756. 8 703. 2 672. 5 622. 3 578. 3 519. 5 442. 5 413, 2 388. 2 363. 7 350. 9 331. 0 322. 6 315.1 302. 7 
Ly Ge 1,902.3 | 1,385.1] 1,334.0] 1,194.9 | 1,105.9 | 1,059.8] 1,001.8 928, 2 885. 6 836. 9 815. 1 803. 5 774. 7 736. 9 702. 9 678.3 
1947_.-...| 2,247.1 | 1,746.1] 1,658.8] 1,576.3 | 1,503.7] 1,431.5] 1,382.0] 1,306.4} 1,283.2] 1,256.2 | 1,220.4) 1,172.5] 1,135.1] 1,087.6} 1,059.7 1, 040. 0 
EVAR) ORG Te |) PEAR || TRCRRee CYR | MRR |) GLAS || EAH eLG) || TnShye 8) | TSR.) TT). 1,092.8 | 1,052.4] 1,014.9 974. 0 937.4 852. 9 
1949__.... 2,430.8 | 2,120.3 | 2,012.1 | 1,961.5) 1,860.7 | 1,731.2) 1,660.5 | 1,573.9] 1,504.5) 1,451.0] 1,435.0] 1,397.0] 1,358.2} 1,277.4] 1,234.2 1,211.0 
1950__--..| 2,349.4 | 2,160.5 | 2,046.3 | 1,962.7 | 1,819.8) 1,690.5] 1,614.4) 1,463.4] 1,438.9} 1,342.0] 1,264.0) 1,237.7] 1,200.5] 1,160.6] 1,140.3 1, 100.9 
1951_.-.--| 2,119.8 | 1,963.0] 1,845.2] 1,759.5 | 1,651.4 | 1,592.3] 1,490.7] 1,371.3 | 1,274.4] 1,186.1] 1,084.6] 1,054.2] 1,005.7 953. 9 909. 9 890. 5 
1952_..--| 2,169.0 | 2,096.8 | 1,965.2 | 1,887.5 | 1,746.7} 1,665.3 | 1,539.8} 1,430.5] 1,376.5 | 1,320.4 | 1,285.0] 1,222.5] 1,147.3] 1,097.1] 1,079.7 1, 045.9 
1963..---.]| 2,179.0 | 2,170.77) 2,06653 | 1,967.1 | 1,873°2))) 1,856.5) 1,831°8 |) 1,'769.8'| 1,631.7 | 1,564,0°| 1,627.7 |" 1,492.7) 1,408) 5) | 15,366, 08) 1.27255 1, 198.3 
1054 Sa =a 2p 000TS hee mee 1,985.6 | 1,832.6 | 1,740.0] 1,662.4 | 1,586.5] 1,493.5} 1,466.2) 1,424.6] 1,361.0] 1,2940)| 1,213.6] 1,177.71} 1,124.9 1, 092. 7 
1955-.-...| 1,972.6 | -------- | -------- 194753 JL S18 15760, Sale 1677, dent, 68253.) 1s bb0) bull. 502; Onl 413: Sain Slo KON med O4en1m letesT OSs Sammi ODM 1, 043, 1 
1956. ---.) 1,938.5 | -------- | -------- | -------- T9125 809) Ue leed, 725. 2a O80) alee le Sl Gam Lea Ona ents Sh0RS ulead eo3 (alam 185008) meta Om meta 994, 0 
1957_.....| 1, 512.8 | -------- | -------- | -------- | -------- 1,480.9 | 1,367.6] 1,300.0] 1,246.1] 1,169.9] 1,121.5] 1,058.8 982. 3 947. 9 917.7 882. 0 
1ObSe wees 1 B21, Gr pose = os See a ee a 8 ee ae TL 5LONGHs 15428) eles S76. 50s 15334: Oe 1201) Sule 823756) needa) See et Oma mtn One 1, 070, 3 
1959... W475. O omen ee ad tloee sea eee een | oe ee |e nn |e ee 1,481.0 | 1,291.0] 1,236.81] 1,154.9 | 1,086.5 | 1,048.0 | 1,016.8 950, 7 916, 8 
1960 Rivas 1,046.0 | --Sennas |i sonamenn, | Eee net) wwohcocs Wemonnees |[ieoaaneae || Sees antes 1, 032. 3 988. 8 938.7 885. 0 853. 8 806. 8 785, 0 741.7 
ne meee | J, 077.7 | ------2- |) -e-n-na= | nenncnne | senncnee | Seee-ee= | ---nceee | <-ne-eee | -2-2ee- 1,068.7 | 1,040.1} 1,006.3 933.8 858.8 824.1 752.9 
962--.2-2]' 1,078, 5 | os cee Penns ane | Seen ae ate aaa = see | eee Weare oan] See teeee Weems 1, 054, 4 984. 0 951. 6 889. 8 851. 2 821.3 
196355 222- |) A, 4807 eee ee | Se ELS ee as SS ee a aoa Sell Maye ea | ee a mt | Se eae boc 1) 127567) 01, 075.9) | dn 011e 3 943, 3 865. 6 
1964_____- 1, 170. 5 wees ||| < 
ph 7085.) See SS |) Se ee Ts 25 Far Aa [ca | rc |e | WTPBE SY || AL Ones, 7 859. 9 792, 7 
1965 --.--- SISO mie ta eee mee Sareea Knee ay Seamless ee a eS cee 830, 2 709. 6 657.6 
TOGRSeE Gs FAO Ree Ser sie a dete || eee SOREL ISTE OM Dos Sa oe) eee |, a 628, 0 573. 0 
LOG7 ss eo TUL 8] cane ewnn!| “sscchwta! | coesacen 4 ubcewtate | Gaecee ei ee ek Seimei aei | Nog eo giant ee eee is Se Seer cee ee i 709.9 
Total__.| 69, 302.9 | 29, 440. 4 | 29, 644.7 | 29, 731.7 | 29, 786.6 | 29, 548.3 | 20,412. 3 | 28, 848.3 | 28, 585.3 | 28, 299.7 | 28,063.8 | 27, 905.7 | 27, 642.2 | 27, 143.0 | 26,498.7 | 26, 008.2 
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_ Table 2.—Mixed bituminous (G-1) mileage constructed each year and mileage remaining in seryice January 1 of each year 






{Compiled from data submitted by 16 States] 





























































































































Construction Mileage remaining in service January 1, each year 
Year Miles 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 
1929_ =. 895.8 25.4 UGS Y/ 16. 7 6nd 12.2 11.8 a oes 11.7 iy ie Mila ifikal aL 

930. _.--. 1,708.3} 1268] 108.7 90.9 86. 2 76.1 69. 4 64.8 64.3 59.1 59.1 48. 6 30. 5 29.8 20,8 20.8 
fogl....-- 3, 242. 4 499.7 422.8 301. 9 262. 0 244, 2 221.8 180. 4 146, 1 116. 8 111.3 109. 5 82.5 65.3 52.1 51.4 
NOS 2 ee c= ~ 3, 352. 5 554. 4 505. 9 447, 2 371.5 310.0 267.9 209. 6 203.3 201.3 187.5 176.1 165. 6 157.5 145.9 138.8 
1933=-.--- 1, 535. 0 194. 6 160. 7 138. 5 128.1 107. 2 49.5 49,5 49. 4 49.4 45.1 45.1 43.9 41.5 39.3 39, 3 
O84 =.= 2, 794. 7 401.0 368. 2 345. 0 321.2 298. 2 256. 5 250. 9 214. 0 198.8 183.9 171.3 169.3 165. 0 2 160. 2 
OR: 2, 529. 4 287. 8 257. 1 226. 6 213.1 205. 2 193.3 180. 1 157.3. 147.8 119, 7 113. 5 101.1 8, 0 os 1 67. 9 
1936.----- 2,918. 6 679. 1 598. 1 526, 2 446, 7 412, 9 403. 1 384. 5 365. 4 356, 5 349. 5 334. 0 317.6 303. 7 293.7 289, 8 
HOST a=2-- 4, 320. 1 677.4 600. 6 553. 5 501. 7 472.9 441.6 411.6 399. 5 372.9 352. 2 334. 6 331.5 331.5 327.6 305. 9 
kth}. see 3, 286. 7 601. 0 652. 7 487.0 446.3 414. 6 406. 8 405, 2 376.5 353. 5 343. 1 325. 3 300. 2 296. 5 290. 9 289.8 

10305----- 2, 102. 7 357.8 334.1 303. 0 255. 6 247.3 236. 2 294. 4 213.7 207.0 200. 4 189, 9 184. 4 183. 2 76 176 
#040. ==... 862. 2 250. 8 214.9 152.7 129, 4 117.3 103. 4 98.7 76.8 73.1 63. 0 62.5 56.8 54. 4 1. 9 49. 9 
iS) 1, 213.1 354, 2 322, 5 284. 2 262. 1 207. 7 178.8 169. 6 167. 2 149.3 148. 1 128. 9 118. 7 101.2 87.7 64. 5 
O¢D2 22-2: 594. 2 228. 5 214. 1 186. 7 156.7 141.2 125. 2 125. 0 89.1 73.5 64.5 58. 0 48,1 43.6 43.6 43.6 
HO4G SSS = 339. 1 68. 5 53.5 46. 2 46. 2 38.8 38.8 37.8 34. 1 34.1 29.7 29.7 28.5 25.9 23 23, 2 
i 899.5 221.0 156. 6 121.4 89. 2 60. 5 59.5 51.6 43.6 43.6 39. 2 39. 2 38. 1 36. 2 36. 2 30. 4 
| 1, 064.1 427.6 317.8 285.8 MUD 172.0 165.2 159.3 126.1 115.8 99. 4 87.2 79.3 70. 2 50.5 49.3 
1946. = _-.- 1, 434. 2 804.8 707. 2 624. 9 554. 1 526. 7 448.8 395. 9 362. 3 321.9 293. 7 271.9 264. 3 257.5 226. 0 208, 5 
Oe ee = 1, 276. 0 925.3 867.0 803. 7 689. 3 589. 6 486. 3 424.4 374. 7 337. 0 286, 4 258. 8 232, 2 228. 3 214. 5 214. 5 
19485 .-=. 1, 678. 7 1, 292.3 1, 216.3 1,123.1 1,012.1 920.3 843. 1 709. 6 613, 2 553. 5 525.0 504, 2 480. 9 448, 1 414. 4 391.6 
1949" . os 1, 266. 9 983.3 882. 1 798. 8 728. 6 695. 1 634. 1 609. 2 554. 6 478. 1 445.8 408. 9 394. 7 388. 1 357. 6 339. 9 
ROBO. 22 = - 1, 073.3 896. 4 820. 8 754.9 691.6 625. 6 575.7 549. 4 507.7 469. 6 434. 4 406. 7 394. 1 378. 4 363. 2 326. 5 
ot) a 974. 0 839. 6 803.3 759. 6 727.7 685. 8 660. 1 606. 9 554. 0 536. 5 498. 3 475.1 460. 8 424.3 406. 7 393.8 
M96222 22.2 1, 048. 9 1,014.9 983.8 957, 2 881.5 860. 0 836. 6 808. 6 727.9 706. 3 648. 4 600. 5 557.0 489. 9 437.7 400. 2 
LOOSE = = o=- 732.8 732.6 698. 8 656. 5 629.7 620. 0 692.8 573. 7 558. 2 545. 1 635.8 487.8 438.1 421.4 358. 5 316. 0 
ight = =a OREO Tl fees os 784. 4 753. 6 717.3 685. 4 663. 2 617.4 596. 9 585. 4 555. 2 524.1 495. 5 456. 1 434. 6 411, 4 
NO5D2 was A2( JO) Beceenss, henna noe= 423.8 419, 2 387. 7 386. 6 369. 3 334. 8 311, 2 293. 7 288. 1 282. 9 270. 4 251.1 244. 3 
HOG Bes o-oo AVEO ||| Seaseos oon Poo Sole) loa. 411.5 410. 1 389. 8 376.5 365. 0 359. 0 339. 5 330.8 306. 4 289.7 273.1 273.1 
m1957_.-__. BOOS |e ee eran sere ee We ee Pea ee 347.1 332.3 322.7 315. 6 313.0 301. 0 300. 2 295. 2 284. 0 278, 2 269. 6 
958.2 -— = BAO sees eee ea ae nea oes Seee ona Oke ee See so eee 447.1 435. 0 426. 0 425, 7 420, 1 413.5 402. 6 380. 6 366. 9 363. 1 
19590 = ==- 2 oa eee ae omen eae ee se ee ot (ee sees ese alll Se 314. 4 314.1 301.7 289, 2 288. 2 282. 2 280. 1 273.8 269. 0 
HOGOS = 222 OST 20 eee oie || eee eel ences tee Sameer Nea ooo on | Boo caee |\Satcl ese s 298. 2 297.8 297.6 287.6 281.5 272.5 272.5 255. 0 
LOGE = 2-2 AS TO Sees eee ae tee ea eee ese Troy e eee les Seen Pree roe Ne se. o see 437.6 433. 4 424.1 408. 2 406. 6 403.1 396. 7 
HOG se oe. = OMe Eee an ee ee bees Soe er, eee oe Ln te ee ee AN Pe ae ctl me ee eS ee a 375, 4 368, 2 368. 2 362. 4 352. 0 349, 9 
1963. .==- Soc geen ease cee am te tes se sewlins Boe enc a toon, Wasa saniny Whee Sots) |c e N co. Shoes lee oe 384, 9 383. 3 381. 2 371.8 837.4 
106422 -- SINGH | mete eee ss a toatl cess sel Besant es llNh ER ee pepe ll res a pa | Pe I eee a | ge 247.7 226. 8 294. 6 294, 4 
HOG52 = == 5 7S On ene an meee meee ogc ee et eee eee A eee ee Sen ee ee She see, me eae el eS eel ee eos |! Sele 178. 0 172.0 167.6 
1966.0 ---- A Fn | ene eee | ee ee ao ae eae i eee ey | ee el roe eee, | eee sees |p eee | Oe. | ee ee Wh So eee |) Sees Wes e | 229.3 | 229.3 
iT Sea TOL A |) Seen, IPs Sl [Rae S| A ah SE eC ASE || eS REP eke Sa |) ce eae | Sere ee? 1 i ae eine Mee 2 GR CES | ese | 198, 4 
Total___| 48, 228.8 | 13,444.8 | 12,968.7 | 12,169.6 | 11,412.5 | 10, 886.7 | 10,525.3 | 10, 127.7 9, 641.3 9, 543. 6 9, 380. 3 9, 288. 1 9, 083. 0 8, 825. 0 8, 577. 4 8, 401.1 

Table 3.—Mixed bituminous (G-2) mileage constructed each year and mileage remaining in service January 1 of each year 

{Compiled from data submitted by 19 States] 
Construction Mileage remaining in service January 1, each year 

Year Miles 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 
9200 222 672.4 141.9 134.8 128, 2 110.3 102.3 99. 2 95. 0 84.6 Ue 2 73.2 59, 2 52. 2 52. 2 27.8 27.8 
HOGO MeL ee 1, 269. 9 537. 2 493.1 481.5 450. 2 432, 2 395. 5 372.6 362. 4 353. 8 349. 9 322.1 304, 6 302, 1 279. 0 279. 0 
HAG RR eee 1, 619.0 715. 6 676. 1 615. 2 576.9 544. 5 508. 2 466.3 458.9 442.5 431.3 428.4 404, 5 369. 0 355. 9 3565. 5 
GSQe ss 1, 433. 2 662. 7 572.9 547.6 515.6 487.1 435, 2 409, 2 408. 0 391. 5 360, 4 330. 3 310. 2 285. 7 245. 9 229, 8 
193352" = 1, 374. 6 619. 6 577.7 542.8 512.7 461.8 425.0 388. 5 357, 1 296. 8 281.7 252. 0 230. 5 216. 0 208, 5 198. 8 
WO34 So. === 2, 263. 8 1, 189.8 1, 124.4 1, 042.8 POLa7 963. 8 914.8 821.8 772.4 739. 7 690. 3 656, 2 625, 2 582. 0 521. 2 499. 7 
10355222. 1, 534. 1 838. 1 780. 7 757. 2 726.5 695. 7 658. 0 607. 2 560. 5 525. 5 487, 2 456. 9 413.9 385, 2 368. 5 353. 3 
193652--- 2 le vabieal 873.3 785. 8 722.3 690. 3 650. 1 624. 1 608. 4 575. 4 531. 2 485. 6 465. 6 434, 4 418.8 411.3 386. 3 
NOS (=. <2 2 2, 035. 1 1,101.5 1, 031. 2 989. 9 956. 1 922.7 895. 2 860. 2 838. 3 808. 4 778. 3 766. 3 722.6 689. 0 662. 2 612.8 
19382 22. 2 2, 055. 1 1, 228. 2 1, 186. 5 1, 137.6 1, 034. 2 996. 3 946, 4 898. 6 838. 0 785. 2 747.8 734. 7 685. 8 656. 4 613.7 578. 4 
O39). a= < 1, 313. 4 702. 4 632. 1 615. 1 561.8 532. 2 491.7 461.0 427.7 398. 6 382, 1 375. 2 337. 0 327.8 320. 8 313. 3 
1940__._.. 231.7 764. 5 749. 3 737.7 714.8 709. 0 676. 7 642. 1 613. 4 585. 1 573. 5 528. 4 491.1 460. 0 441.8 415.0 
Ode ae 1, 399. 5 650. 3 615. 5 579. 7 497.2 474.0 449.9 437.3 416.6 381, 3 328.1 313. 4 298. 7 284. 8 284, 2 262. 5 
ie De a 1,111.4 462.6 450. 6 420.9 395. 8 369. 9 358. 8 356. 4 331.6 279, 5 278. 2 275.1 272. 6 263. 6 236. 4 vy pa 
ie 5 Eee 1, 041. 2 453.1 429. 4 404.8 374. 7 348. 6 323. 0 285. 3 238, 5 208. 9 173.1 162, 2 139. 9 138. 4 133. 6 133. 6 
1044 1, 138. 6 472.6 421.8 387.3 343. 3 327. 2 300. 1 267. 0 249. 3 234. 3 229. 8 191.2 163. 0 153. 1 140, 0 130, 1 
19455 =. 1, 011.6 507. 5 474.8 420, 4 377.9 330. 3 314. 2 288. 5 267.3 263. 9 238. 2 229, 1 199, 5 193. 0 175. 0 174, 2 
1946___.-- 1, 569. 6 1, 050. 2 962. 0 897.0 792. 7 737.4 660. 3 616. 7 560. 8 524. 3 505. 4 466.8 438, 9 411.9 386. 5 361, 5 
a ee So 2,174.8 1, 684. 9 1, 565. 2 1, 504. 1 1, 421.6 1, 386. 9 1, 278. 4 1, 202. 1 1, 141.4 1, 080. 5 1, 054, 1 995. 3 944, 4 847.5 794.3 736. 3 
DAS Jee eS 2, 378. 1 1, 876. 7 1, 754. 9 1, 635. 7 1, 527.8 1, 443.3 1, 351.0 1, 306. 0 1, 234. 8 1, 123.3 1, 055. 0 1, 000. 7 944, 3 892.3 827.0 785.4 
O49 2-2 1, 894.3 1, 570. 5 1, 504. 2 1, 394. 6 1, 280. 5 1, 186. 1 1, 123.6 1, 095. 1 1, 031.3 994. 9 964, 2 928. 6 885. 0 807. 1 Uae 754. 4 
1950) Se. < 2, 254. 5 2, 035. 3 1, 973. 5 1, 873.8 1, 758. 4 1, 662. 9 1, 599. 5 1, 531. 5 1, 477.3 1, 488. 9 1, 398. 9 1, 341.0 1, 311.3 1, 225.3 be al 1, 077.0 
Oil ee 2, 453. 4 2, 287.8 Zao leo 2, 122. 6 2, 049. 0 1, 945. 9 1, 827.5 1, 775. 1 1, 722.5 1, 663. 3 1, 598. 9 1 538. 2 1, 465. 8 1, 390. 6 1, 318. 6 | 1, 229. 6 
LOD 2 See = 3, 184.8 3, 116. 4 3, 022. 2 2, 937. 7 2, 830. 3 2, 679. 0 2, 555. 1 2, 407. 2 2, 283. 4 2, 184. 5 2, 113.5 2, 024. 9 1, 914.6 1,810, 4 1, 676. 7 1, 568. 2 
iho) Sea 2, 558. 0 2, 539. 8 2, 485. 3 2, 433. 3 2, 355. 1 2, 305. 2 2, 216. 0 2, 157. 2 2, 135. 3 2, 059. 3 1, 998. 7 1, 944, 2 1, 809, 4 1, 708. 4 1, 581.8 1, 486. 2 
1954.2. --< 2403.0) | pee eee a= 2, 727.5 2, 654, 4 2, 576. 4 2, 515. 5 2, 487.8 2, 384. 7 2, 334. 8 2, 284. 7 2, 193. 7 2, 113.3 2, 026. 8 1, 987. 2 1, 900. 5 1,871.1 
1956.5 SiS PASTE ED || pes ee eal Ae ee 2, 725. 0 2, 621. 8 2, 549. 3 2, 470.8 2, 406. 3 2, 357. 3 2, 320. 5 7 Pal Al 2, 200. 5 2, 072. 1 2, 002, 4 1, 937. 5 1, 863, 2 
LODO Meee == PRA | eS SE ie Se ee a eet 2, 781. 3 2, 734. 6 2, 691. 0 2, 645. 7 2, 627.9 2, 547, 4 2, 469. 5 2,421. 7 2, 357. 7 2, 306. 4 2, 252.8 2, 227.6 
ioe DS O06G4 a emer e\\awe hus aie moet oe soe 2,192.5 | 2,114.7] 2,053.1] 2,006.3] 1,963.0] 1,892.0] 1,829.8] 1,756.5 |) 1,708.1] 1,649.2 1, 625. 0 
Ob Suemee. SOO RY meme ee ets TENE rg ae ee ete ee 2,192.5 | 2,117.1] 2,053.0| 2,018.9 | 1,985.2] 1,948.3] 1,859.4] 11,7583] 1,712.2] 1,659.7 
1 MASS. Onl See ate ccs a= sees— Sab ee set aees oases awl oc csee Seen seca 2, 131. 7 2, 079. 3 2, 024. 6 1, 956. 1 1, 903. 3 1, 787.5 1, 745, 2 Gye! 1, 588. 9 
ICG) ae 1S S585 Ou fee oe eee oe een one en Manns Suen Be AP ee oe secs 1, 857. 9 1, 836. 3 1, 803. 7 1, 767. 5 TL 1, 663. 7 1, 639. 6 1, 610. 2 
HOGI se 1 O08 sHuleeso= one) tesa sesse teense Se)|osasean= | Pes osess, |) Cesccced i eessdses I) setseces 1, 898. 5 1, 891.9 1, 819. 2 1, 798. 8 1, 769. 2 1, 738. 3 1, 665, 3 
OB? 22 oe AeSso2 Olle ase | teense sa ulliecaa Hoare een ae = Moe eee PRRs So cet ol Sel laces |) et sehen 1, 822.6 1, 785. 4 1, 748. 4 1, 699. 1 1, 647. 1 1, 581. 7 
HOGS =o >= 0247 Om meee aa ene See eee ate ees ees Pcieeas fy (eee ee [ee eee Wea aces Nom coae | saasses5 1, 920. 9 1, 912.6 1, 888. 9 1, 869. 6 1, 815.0 
HOG4 2-2. Del Gand |e see eee | Geeta eee Beene | Pare eer a ease al) cnet aise eon on oi ceseceea | seocsa cS) Jocnscce!|he---5=5 2 2, 161.8 2, 146. 1 2, 109. 0 2, 095. 2 
106523...- TE VRB oo mec nll sees ll eescsez coe It eset ere | Pee Ae ca | taney Hg be || papa mel Fa ba ele eee ee 1,469.1] 1,425.4 1, 402, 4 
O66: 22 os! TPO oe sto | Semmes ll peace ese ell ea ae el Mes Ey | hygliee ceee | ame Ay ee Beige Be (eek | ey eee 1, 469. 9 1, 429.9 
i 1967_..--- 25610 eee eee eae Sas een ee oe eee nag ee ee eet ea casec oe Ne seannes, Wl soceee eH Meanacscs || Saaeeccay | --scssee IP cnesese= (|) 22-25 | 1, 256. 9 
Motal i. 71, 408. 6 | 28, 082.5 | 29, 363.0 | 30,709. 2 | 31, 850.9 | 32, 686.3 | 33, 334.2 | 34, 094.9 | 34, 703.3 | 35, 266.3 | 35, 863.2 | 36, 495.9 | 36, 992.5 | 37, 014.3 | 36, 926.7 36, 857. 9 





















































PUBLIC ROADS ® Vol. 36, No. 9 195 








Table 4.—Bituminous penetration (H- 


Construction 





Construction 

Year Miles 
OPA fe 48.5 
1OS0Reace SS 37.1 
TORE See 489. 0 
ite eee 676. 1 
1O33e sess 365. 1 
LOSS eee 600. 8 
L9S0222---=2 914, 2 
L936 seees cee 583, 2 
LOS faeces oes 414.0 
OSS sescec 2 176. 5 
W939 zn eescee 209. 4 
O40 Seeee see 200, 2 
EOS) Se Cee WARE 
O42 ee eee te 247.9 
O43 Saccse ee 241, 9 
1944.22. 218. 5 
OS oa ee ox 127. 7 
1046 Stes see8 132, 2 
Loe Tere ee 95,1 
OARS Jaen 2 181, 3 
1040S Soe ee 88.3 
LOBOS 2 Fe 2s NOE 
LOD LES eee 79.7 
1 yee eee 91,5 
19532532 2= 26. 4 
Obde ao soe se 133, 4 
LObDe eee ee 35,8 
19662 Sa2- o25 96, 1 
LOD T hae Sees 82.1 
ROHS — cee 69.0 
1ODO See el 59.2 
LOGORS eae 17,2 
OBIS aes 7.9 
106224. 3 33 48.3 
1963a weno oe 4.9 
1004. --=es5- 34.4 
LOGS. S225 = 16,3 
LOGGS-eee- 19.5 
1967 38.2325 28.3 
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{Compiled from data submitted by 7 States] 
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Table 5.—Bituminous penetration (H-2) mileage constructed each year and mileage remaining in service January 1 of each year 
{Compiled from data submitted by 10 States] 
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20,3 20. 3 20.3 20.3 
7.5 7.5 7.5 7.5 
54. 9 54, 9 44,5 44, 5 
58. 0 55.6 49. 6 49.6 
47.3 47.3 40. 0 37.8 
156. 9 148, 9 121.0 108. 9 
268. 6 241. 0 231, 2 197, 1 
166. 7 155, 2 148, 6 134, 6 
123. 1 120. 5 111.9 TAD 
47.6 43.7 43.7 43.7 
56. 6 48. 6 45.7 45,7 
32.5 31.1 30, 1 30, 1 
33. 6 33. 3 33. 1 25,4 
59. 6 59. 6 59. 6 57.9 
21, 2 19.6 18.7 18,7 
31,4 29. 2 29, 2 29, 2 
10. 6 10. 6 10.6 10. 6 
21.3 21,2 21.2 21.2 
32. 6 28. 6 26, 6 26. 2 
40. 5 38. 0 38. 0 38. 0 
31.7 30. 4 29. 0 29.0 
45.8 45, 4 44, 6 44,4 
43. 0 41,5 41.4 38, 1 
53. 6 53. 6 51.6 51.6 
6.7 6.5 6.5 6,5 
75. 8 75.3 74,7 74,5 
26.8 26. 6 26. 6 19,7 
41.5 41.5 41.4 40.3 
71.0 70. 7 69. 2 69.1 
64. 5 61.9 57.5 50. 2 
42.4 35. 0 32.3 25,9 
ipsa 17.1 spas 16. 4 
36. 6 28. 6 28.6 28.6 
41.4 38. 3 37.8 37.8 
4.3 4,3 4.3 4,3 
34, 4 34, 4 33. 0 27.6 
eenisanée 16. 3 16.3 16.3 
Be apps | eemaneee: 19.5 16.9 
Seaeree |Pecacscca |} Actth coc 28.3 
1,927.4) 1,842.1) 1,762.5 | 1,684.2 
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Table 6.—Bituminous concrete (I) mileage constructed each year and mileage remaining in service January 1 of each year 
{Compiled from data submitted by 19 States] 





























Construction Mileage remaining in service January 1, each year 

Year Miles 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 
O20 = 183. 0 52.1 39.7 36.6 35.1 33.2 33.2 32.8 30.2 27.0 25.4 19.0 13.5 13. 5 13,5 13.5 
S802... 230. 2 18.0 8.1 7.9 Has 7.3 7.3 7.3 73 ae 7.3 7.3 7.3 m3 3 7.3 
AOS ee 243.9 83.7 83.7 56.5 43.8 24,5 24.3 6.9 6.7 6.7 4.7 By 3.7 3.7 Shy 3i7 
ep 277, 2 31.0 27.3 26.7 25.7 25.7 24,3 21.0 21.0 13.4 13.0 11,4 11.4 11.4 11.4 11.4 
HOSS Oo... 239.9 67. 6 55.6 41,2 3307 30.9 19.2 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.8 5.8 
19345... 448. 6 260.8 235.9 228. 0 214.7 203. 1 193.8 172. 4 171.2 168.0 162.8 153. 4 152.4 143, 4 141.3 138. 4 
ition 255.7 131, 4 107.9 95.5 91,2 87.3 84.5 77.1 75.4 75.4 75.4 69. 2 65.8 62, 2 57.5 57.5 
1936... .<< 451.3 179.2 168. 4 153. 6 148.9 137.9 133. 0 117.9 116.0 113. 6 112.5 110.9 106.7 106. 7 99.7 99.7 
ey. ae 511.0 295.9 280. 2 254, 5 231.0 218.8 209. 5 208. 0 184.1 179. 4 178.6 175.9 168.9 163.8 150. 1 144,3 
OSR@ SE. 2 581.1 218.0 208.0 186.8 167.8 154. 2 146, 2 143. 6 128.0 127.9 123, 4 123.0 116.6 112, 2 112, 2 102.6 
1080) 562. 2 309. 1 284.8 255. 0 210.8 196. 4 151.0 140.1 131.9 125.0 119, 7 114, 2 114, 2 103, 4 1038. 4 1038. 4 
mOAQ we» 496.9 310, 2 284. 3 PHT 253. 9 241.6 175.5 165.8 139. 7 134.8 114, 4 110.0 109, 2 108, 5 103. 5 101.7 
MO41 595. 1 339. 4 321.9 319.8 305. 3 281.7 275.7 241.6 228.1 226. 6 216.5 216. 5 216. 2 207. 2 205. 6 203. 6 
1942. 668. 0 337. 0 293.8 268. 7 220.7 212.9 205. 1 187.7 164, 2 144.8 135. 131.0 124, 3 124, 1 105. 0 105. 0 
it) 716.6 467.8 423, 2 396.0 325, 2 286. 1 256. 5 226. 5 206, 2 191.0 190. 6 165.3 165. 3 162. 5 155.3 147, 2 
1944. ____.| 1,192.5 786. 6 732.6 623.9 550. 7 496. 4 435.7 384. 7 320. 3 289.7 283. 0 253.6 225. 3 223. 0 200. 3 180. 5 
Ce 780. 0 470.0 428.5 412.9 322, 2 277. 2 240. 6 180.8 165.1 143.8 143, 2 139, 1 120.7 116.6 nal 91.6 
1946._._..| 1,053.9 908. 0 836.9 774.0 663.8 599.0 547.5 497.3 442,0 378.7 352. 1 305.8 280.8 270. 0 263. 0 255. 6 
i 1, 266. 6 1, 150. 2 I, 124, 1 1, 037.5 953. 6 866. 6 753.0 652. 3 586. 3 476. 4 455. 8 403. 9 361, 2 331.5 311.3 282, 3 
1948____.. 1, 492. 5 1, 340. 9 1, 300.8 1, 219. 4 1, 108. 2 1, 033. 1 955. 9 833. 3 763, 2 671, 4 515, 6 432.8 352.3 327.0 276.5 252.8 
19494... 1, 509. 3 1, 429.1 1, 398. 7 1, 339. 2 1, 267.7 1, 146.3 1, 039.8 939. 9 827.7 736. 0 685. 0 619.8 569, 2 530. 0 459. 3 417, 2 
OND 5 ae 1, 390. 4 1, 306. 4 1, 269.0 1, 225. 2 1, 103.8 994, 9 875.5 777.9 729.9 664, 1 624.9 541.9 487.4 432.3 404.3 371.3 
ith) 1, 734.8 1, 685. 5 1, 604. 4 1, 581.6 1, 480, 2 1, 411.1 1, 295. 9 1, 150.8 1, 034, 9 929.9 880. 5 762. 7 619. 3 557. 7 528. 4 490, 5 
iy 2, 114. 5 2, 097. 1 2, 078. 7 2, 004. 6 1, 873.5 1, 783.7 1, 690. 5 1, 494. 2 1, 348.9 1, 173.8 1, 079.6 960. 3 857. 7 717.8 624, 6 585. 4 
BOSSE o — 2, 145. 2 2, 142.7 2, 115.5 2, 095. 9 2, 056. 0 2, 018. 1 1, 962. 9 1, 738.3 1, 594, 2 1, 458. 7 1, 310. 0 1, 235.0 1, 146.9 1, 054, 5 926.8 805. 6 
1 aa DOA. Olea ses 2, 542, 2 2, 523.7 2, 484.8 2, 402.8 2, 348. 4 2,178.3 2, 041.5 1, 836.8 1, 730.9 1, 628. 4 1, 473.1 1, 289, 4 DAQUS 936, 2 
HOGG. <=. OE BSS || So Eales 2,731.3 | 2,684.2) 2,650.7 | 2,527.6 | 2375.7 | 2,218.2] 2010.5] 1,862.3 1,722.0] 1,689.1} 1,365.6] 1,245.8] 1,123.8 
1956_____- 2 S975 Te pene Ss ae lpr 2,887.2 | 2,881.5 | 2,827.2 | 2,732.4 | 2634.7] 2 486.8 | 2368.3) 2 197.2] 2,030.2] 1,807.0} 1,656.2| 1,534.5 
HOST 2 DESUS% 7g |meeee wees alt Noe el eee Oy || eens 2,794.6 | 2,763.5 | 2,685.1 | 2,609.8 | 2,488.6] 2 373.9] 2,205.5 | 2,019.4] 1,872.8] 1,743.5] 1,606.1 
1958______ SOY GOT Ih ee pee cae || ete les Sa | are ea eae 3,154.5 | 3,114.8 | 3,025.1 | 2,962.3 | 2847.91 2,730.8 | 2 559.3 | 2,368.6 | 2,197.0] 1,930.4 
5h BUGS | coesccae pectsctes | cenceece, | eeecdose |) cosceees |) Lessee |) ER ea) BRR |) EEA) BL OsyAyr nN! CAOEERGH || OEE UI OAGIDEET || Oren) || OR OF ES 
eee GF 000.4 || cooseecs |) Sesceses |) ooecete | eeu Le | ela) See | 2 || ERGES | BEGeASI I EROS GROEN | Oeil aan a pareaicils || LeU 7 
ane ESS :2] a eeee a em nee em pee eer ne || Deee er ee) Me me a eee Se oe grins seek) i ea 2 2, 817.0 2, 789. 3 2, 758. 0 2, 742. 7 2, 607. 2 2, 476. 0 2, 337.0 
Ph ikea NES) hee ee || oe nee ie Be alee I he nets fy Sr Oe | eas (Og ima ee pe 2,452.2 | 2,440.2 | 2,421.9] 2,371.4] 2 266.2 2 174.3 
TGs en 518g | eee ree | ME Sea TR PE Pee BF an eer De Ore Peeper eee MES es 2,536.3 | 2,494.8] 2,459.2] 2498.2] 2 269.2 
1064 o<<-- DBO ioe ell we Sea eee || Cope emt mee Linch | octane pay ge | Rec eR eRe EN | Oa | ea 2,782.8 | 2,734.4] 2692.7] 2,640.9 
NOG5 S22 022 = SD ao in| nee eee a eee eet aa haere eed | See eh ee oe 5 ety ee on (BN PS Nh ee Sb | eee he See et eS | eee 2 3, 520. 7 3, 501. 5 38, 453. 6 
1966_..._- OT OLE TAG Renee hee eee Seer ye eee See eS BShl| eee a A ee Al gp ae AN EE os eee S| | ae | ag een ie eae | DSR ad 3, 925. 2 3, 905. 1 
ee Laas (|b ctaecrecy teemeaces ll) Beever | eee SR ee eg OR | ea | Pe cae | a oe | ene ran (eR eared (Apes mare) | [eee a 2 ee 4, 410, 2 
Total___| 64,042.3 | 16, 417.7 | 18, 254.2 | 20, 167.7 | 21,751.0 | 23, 497.6 | 25, 357.6 | 26, 637.6 | 28,179,4 | 29, 216.5 | 30, 271.7 | 31, 240.7 | 32,271.1 | 33, 595.5 | 35, 641.3 37, 972.9 












































Table 7.—Portland cement concrete (J) mileage cénstructed each year and mileage remaining in service January 1 of each year 
{Compiled from data submitted by 19 States] 










































































Construction Mileage remaining in service January 1, each year 
Year Miles 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 
1O20e. oe 1, 250. 0 790. 9 743. 5 696. 7 663. 2 607.9 567. 1 622. 6 492.1 462. 0 416. 4 410. 6 378. 1 355. 0 334. 5 281.1 
HOZO0G. oe 1, 712.6 1, 148.1 1, 093. 1 1, 064. 4 1, 034. 1 998. 6 957. 0 864. 6 794. 3 719.6 676. 6 638. 7 607. 7 583.3 631.9 168, 0 
ita Zizek 1, 581. 7 1,512.3 1, 452. 1 1, 374.8 1, 266.3 1, 145.6 1, 036. 5 969. 9 948. 7 881. 4 843. 5 807. 1 753. 7 670. 4 633.9 
UCR YA Sees 2, 148.6 1, 548.9 1,519.5 1,421.8 1,316.3 1,297.1 1, 237. 2 1, 159. 2 1, 057.8 1, 019. 2 965, 2 925. 6 890. 4 832. 5 754. 0 671.1 
HO8See 1, 528. 6 1, 155. 4 1,071.9 O21 939, 1 884. 1 843. 9 806. 0 769. 9 730. 4 709. 4 618. 9 573.3 623.9 480, 1 449.3 
HOsdes e222 850. 1 595. 9 584. 1 554. 0 503.5 468. 7 434. 0 402.3 389. 3 372. 5 334. 7 323. 1 297. 4 273.9 247. 4 219. 4 
HOS Ones = 667.8 430. 4 417.3 404. 1 364. 1 350. 9 308. 4 289. 7 266. 5 255. 7 234. 9 209. 5 195. 4 W773 IAS | 153.8 
O362.2=2- 948. 1 738.8 705. 0 685. 2 651, 1 627.9 581.5 546. 6 530. 5 502. 3 465. 1 429.7 402. 4 363. 7 324.9 308. 7 
Chie Sa ee 1, 249. 9 1, 019. 7 971.9 961.3 915.1 911.4 883. 5 833. 8 803. 5 790. 1 768. 7 753. 7 736. 2 685. 9 649, 4 621.6 
NOB 2 2222 1, 138.6 1,012.0 994. 7 941.8 909, 2 880. 6 878. 1 855. 5 843. 9 789. 9 766. 8 741.6 712.3 683. 9 656. 0 627. 6 
19394 222 854. 7 ES) 700. 1 659. 5 646. 3 621, 1 591.7 580. 9 6532 1 BBVA Vf 504. 2 468. 1 460. 3 421.1 411.8 | 401.5 
O40 b= 479, 4 372.1 354, 1 334. 6 325, 2 317.0 303. 4 292.1 PAD 263. 5 245.8 210. 4 196. 0 182.8 173.6) | 157.4 
N07 5 Leena 480. 9 393. 4 375. 4 350. 1 329. 0 323. 1 320. 6 308. 4 304. 1 291.0 280, 3 253. 0 249, 7 233.3 199.8 188. 0 
NGA et 402. 5 305. 7 289.8 272.6 257. 7 250. 6 245.4 223.3 PALL S3 192.6 185. 9 184. 0 176.9 169. 5 160. 4 156. 7 
1943-5 2 229.7 160. 0 154.3 143. 7 132.5 124.0 105.9 91.9 72.8 68. 9 67.5 58. 4 45, 2 41.3 34.5 33.6 
1944_____. 157.5 102. 6 96. 1 96. 1 91.2 75.9 47.6 25. 7 25. 7 25. 4 19, 4 19.1 18.8 18. 1 16.9 15.8 
1945_.___- 95.8 66. 5 66. 5 59. 7 59. 7 64.3 51.4 47.1 46. 1 43.1 43.1 43.1 40. 0 40. 0 35. 0 25. 3 
NOAG SS === 290. 7 288. 4 284. 3 280. 4 279, 2 PARI 2711, 2 259. 0 253. 2 246. 2 237.9 230. 7 222.3 197.7 187. 9 187 4 
iy eae 397. 5 385. 9 385. 5 383. 4 373. L 363.9 356. 2 351, 1 345. 2 335. 1 332. 2 309. 0 291.6 280. 6 27 1.9 267 .6 
O48 oa oe 429.3 428. 5 427.3 426.3 424.3 417.3 415.9 399. 6 392.7 376. 0 366. 6 361.9 347. 7 343. 6 338. 8 328. 1 
GG een 430.3 429.3 428. 0 420. 5 419.4 417.5 416. 5 412.7 410.6 406. 8 405. 4 379, 2 eile 2 349, 0 318. 7 308. 2 
HOD0E 22. 309.8 308. 7 308. 7 308. 7 295. 5 294.8 286. 6 283.9 279.9 27322 262. 0 256. 1 241.8 240. 6 235. 2 219. 9 
it. 342.4 342, 2 341.6 341.6 337. 7 335. 0 331.1 329. 1 322. 5 316. 1 308. 6 299. 7 280. 9 278. 7 249.8 231. 2 
O52 433. 2 429.1 425, 2 425. 2 413.8 411.0 399. 4 396. 8 396. 1 381.7 30k. 7 367.5 359, 2 343. 7 342, 4 312.2 
It 334. 4 334. 4 333. 0 333, 0 332.5 332. 3 330. 9 330. 6 328. 6 S27a0) 325. 9 325. 5 322.1 312. 2 298. 8 297.6 
O54 = Se CUO) |) eae eee 300. 9 298, 2 298. 1 296. 1 294. 7 294, 1 288. 5 285. 5 283. 4 283. 0 282. 7 259. 3 253. 4 250. 2 
TAS Ya3a eee ees 305s Ol oer esa Ne ee eee 355. 4 354. 2 354, 2 353. 6 352. 0 346. 6 344. 7 341.3 337, 2 336. 4 326.8 326. 6 319. 9 
HOBGEs eee 3953's Imeem oet seta ae er pil eh eee w 394. 9 394. 9 386. 2 385. 2 378. 8 377.9 374. 4 362.7 357. 2 354. 5 351. 1 337. 6 
NOS 7a os 3 3 EAs prereset eed Al) ses ee IP |e Sd 313. 4 306. 1 303. 4 301.5 297.7 292, 2 290. 8 286. 1 279. 5 279.5 273.0 
HOGS 2. 2-22 ATT NON wae ER ee ea ae LB), SAREE Oh Cate: 473.9 469. 0 442.8 433.8 433, 1 433. 1 432. 4 420, 2 419, 4 410, 4 
TAY) eee GOSS REE seme = sl ae lee een EEE ee Se 1M ae eed 698. 8 698. 3 686. 4 684. 1 666. 8 665. 1 661.1 649. 0 633. 2 
NOGOE S22 == patel G MONI] SSS katy fl See ee Ef eS a pa es eT a cece | ana |, be 386. 6 380. 2 374.6 372. 4 369.8 368. 7 364. 1 355. 6 
NOG ese. ee DAO POAGY: || Rapa ne me eel OP Dahan De om, 2S aes NRE DE a oe et eee | te Se al [are | eee 292. 6 291.0 289. 0 288. 3 285. 1 279.8 275.5 
LOGE amet ARS e GT gs bee Sala PE eile Siem at illo Pade hace) lly ew OAKS ORL a |eaNnn re E agees nei eae ee 481.1 479. 0 479. 0 477.8 471. 4 457. 4 
19632 ay FOV AY |v cm ae ey | Salis ogee Real A CoS” ES ts Oe Fe ep | ee ac | | ea en een Oe oe (ee eee 529.0 627.3 621.3 518. 0 513.9 
i 1964____.. pdt. oe ole oa A IN PE a en ee oe | ae ee ees | |e eol.1| 592.7| 590.0] 589.8 
Bi 1965____-_. ASE Gi eee ene | Gk ene ey | Ret iy nD Teun | cere Pe CeR elie rl ese ol) ied foe NS Sl Se. Wea Loe I) exu sco es 485.5 485. 2 485. 2 
1966.2 025 BD a en as ee aL |e emia) || eae 9) Me CCT eee or ee eee he PMC ee Oy Pg OR ok ee sacs 517.2 515.7 
iy eee SSOE Sree See isos Sem ee veka Wem Pp eee ttle Sh Ieee MRR SORES Sate OLE Seca Mines aera ly BO AF Bes Bs ae Sy co Wace ahce | 680.3 
es! = SEAS, ee =<? aie aS : = —— 

Total___| 25, 950.2 | 15, 096.4 | 14,884.1 | 14,692.1 | 14,484.8 | 14,265.1 | 14,124.6 | 14,151.5 | 18,974.4 | 18, 768.8 | 13, 780.9 | 13, 703.6 | 13, 849.9 13, 717.8 | 18,600. 5 | 13, 562.7 
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Table 8.—Mileages constructed and mileages and percentages remaining 
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Bituminous surface treated (F) Mixed bituminous (G—2) Bituminous penetration (H-2) Portland cement concrete (J) 

Construction-year period —— 

Constructed | Remaining in service | Constructed | Remaining in service | Constructed | Remaining in service | Constructed | Remaining in service | 

~ _— | | 

Miles Miles Percent Miles Miles Percent Miles Miles Percent Miles Miles Percent 
1B20-89 oe oe 6, 458. 0 336. 8 5. 2 6, 369. 1 1, 090. 9 yeu 1,615.8 159. 7 9.9 9, 011. 9 2, 503. 4 27.8 
RO34-S0 Us Sees cee eee 10, 846.8 1, 469. 2 13.5 9, 599. 2 2, 430. 5 25.3 2, 688. 7 596. 0 22. 2 4,854. 5 193i 39.8 
1089-4350 Meee ee ee 13, 232.8 3, 588. 3 27.1 6, 097. 2 1, 341.5 22.0 1, 026. 6 177.8 17.3 2, 447. 2 937. 2 38.3 
1044-15 ee eee 9, 339. 0 3, 253. 7 34.8 8, 272.7 2, 187.5 26. 4 754.8 125, 2 16.6 1, 370.8 824. 2 60.1 
1040-58 - 3 ee ee ae ees 11, 247.9 5, 446. 6 48. 4 12, 345. 0 6, 115. 4 49.5 407.0 169.6 41.7 1, 850. 1 1, 369. 1 74.0 
apbd-bS 522 oA eee 8, 955. 0 5, 082. 1 56.8 12, 705. 1 9, 246.6 72.8 416.4 253. 8 61.0 1, 842.1 1, 591.1 86.4 
1959-63220 eee 5, 820. 8 4, 098. 3 70.4 9, 657. 9 8, 261.1 85. 5 177.5 113.0 63.7 2, 388. 1 2, 235. 6 93.6 
1O64-G7 5... oa ee eee 3, 402. 6 2, 733. 2 80. 3 6, 362. 4 6, 184. 4 97.2 98. 5 89. 1 90. 5 2,185. 5 2,171.0 99.3 
Total t..2: oe eee 69, 302. 9 26, 008.2 | 37. 5 71, 408. 6 36, 857. 9 51.6 7, 185.3 1, 684. 2 23. 4 25, 950. 2 13, 562. 7 52.3 
| 





e Bituminous penetration (H—2) (combined 
thickness of surface and base 7 inches or more 
and/or a high load-bearing capacity with or 
without rigid base). 

¢ Bituminous concrete (I) (with or without 
rigid base). 

® Portland cement concrete (J) (with or 
without bituminous surface less than 1 inch 
thick). 

Tables 1-7 are a composite of the mileage 
data submitted by 19 States. Tables similar 
in arrangement were submitted by each State 
for each surface Jolumns 1 and 2 show 
the built and the miles constructed; 
columns 3 to 17 indicate the mileage of each 
year’s construction that remained in service 
on January | of each year after construction. 

With the information shown in these tables,? 
analyses can be made that give distributions of 
retirements by age, survivor curve, and aver- 
age service lives. The methods of analyses are 
those discussed Winfrey (6), which for 
many years has been a standard reference for 
this work as well as similar work by private 
industries and public utilities. The methods 
are closely related to those used by life in- 
surance actuaries. One product of the analysis 
is a survivor curve that indicates the percent- 
age of the original construction remaining in 
service at different ages. Examples of curve 
developed are illustrated in figures 2 


“ 


type. 
year 


by 


types 
and 3. 


Analysis Procedures 


In the 1968 report (4), the service lives 
were calculated by three procedures—two us- 
ing the original group method and the other 
using the retirement rate or annual rate 
method. 

For the purpose of calculating the average 
service lives, all mileages constructed during a 
given calendar year are considered to have 
been placed in service on July 1 of that year. 
Thus, mileages remaining in service are one- 
half year old on January 1 of the calendar 
year following the year of construction, and 
one and one-half years old on January 1 of the 
second year after construction, and so forth. 

In the original growp method, the probable 
average life of the miles constructed each year 


2 Some tables are a composite of less than 19 States as in- 
dicated in the tables. 
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Table 9.—Miles retired for each surface type and percentage distribution according tw 








Surface type 














method of retirement 


[Total for 1967 and prior years] 























PERCENT SURVIVING 


Figure 2.—Survivor curves of mixed bituminous (G-1) and bituminous concrete (I) for 1944 
and 1931 construction, calculated using original group method (composite data). 


Bituminous surface treated (F) 
Mixed bituminous: 


Bituminous concrete (1) 
Portland cement concrete (J) 

















Method of retirement 
Retired ri 
Resur- Recon- Aban- Trans- Total 
faced structed doned ferred 
Miles Percent Percent Percent Percent Percent 
42,977. 4 54. 6 35, 2 2.0 8.2 100. 0 
40, 416. 6 63. 6 27.5 1.4 7.5 100. 0 
30, 300. 7 58. 6 31.8 1.5 8.1 100. 0 
857. 6 63.8 26.8 1.5 7.9 100. 0 
7, 602. 2 47.5 38. 4 2.3 TE ts} 100. 0 
27, 185.8 64. 7 20. 7 1,2 13.4 100, 0 
20, 955. 3 58. 6 26. 6 U6) 13. 2 100, 0 
170, 295. 6 59.3 29. 5 1.6 9.6 100. 0 
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Mixed bituminous (G-1) Bituminous penetration (H-1) Bituminous concrete (I) Total all surface types 
Constructed Remaining in service Constructed Remaining in service Constructed Kemaining in service Constructed Remaining in service 
Miles Miles Percent Miles Miles Percent Miles Miles Percent Miles Miles Percent 
10, 734. 0 270. 4 2.6 146. 9 0.3 0. 2 1, 174, 2 41.7 3.6 35, 509. 9 4, 403. 2 12,4 
15, 849. 5 1, 113.6 oO 201.6 22.8 11.3 2, 247.7 542.5 24,1 46, 288. 0 8, 105. 7 17.5 
§, 111.3 357. 2 7.0 13OR9 14,3 10. 2 3, 038. 8 660. 9 21.7 31, 093.8 (OWE? 22.8 
6, 352. 5 894. 3 14,1 132, 2 21.4 16. 2 5, 785. 5 1, 062.8 18.4 32, 007. 5 8, 369. 1 26. 1 
5, 095. 9 1, 776. 4 34. 9 86. 3 27.4 Sil 8, 894. 2 2,670. 0 30. 0 39, 926. 4 17, 574. 5 44. 0 
2,421. 7 1, 561.5 64. 5 35.7 28.6 80. 1 14, 139.3 7, 131.0 50. 4 40, 515.3 24, 894. 7 61.4 
1,810.5 1, 608. 0 88.8 15.1 2a eo) 14, 084. 4 11, 454, 2 81.3 33, 954. 3 27, 772.9 | 81.8 
853. 4 819.7 96. 1 13.5 8.6 63. 7 14, 678. 2 14, 409.8 98. 2 27, 594. 1 26, 415.8 hay. 7 
48, 228.8 8, 401. 1 17.4 (Milks B 126.1 16. 4 64, 042. 3 37, 972. ou 59. 3 286, 889. 3 124, 613. 1 43.4 
100 = ANNUALAALE Suauy oe | (2) the number of miles in service at the begin- 
ra SS" CURVE FOR PORTLAND }— | ning of the observation period and their ages. 
90 CEMENT CONCRETE (J) | Lo : From the last two tabulations, the rate of 
retirement is calculated for each age cor- 
~ ie | a responding to the age of the miles in service. 
80 4 r S aL -— | As the rate is usually calculated for a year’s 
| 1 retirement, it is generally the annual rate or, 
: | in other words, the percentage of the miles of 
70; + 7 - a ote ot a given age in service at the beginning of a 
So el Ce | certain year that were retired during the 
a LL L 1 ~ | J __ following year. If at the beginning of the 
\ observation period the data includes miles 
; i ee q ; installed the previous year and each successive 
50 | i » — A . | i preceding year, annual rates for each age 
>  . | interval from 0-1 to the age of the oldest unit 
: | . \Y 1 in service would result. By applying these 
40 }-——- _. os i + 1 annual rates successively to the percentage 
| | TYPE SURVIVOR >. . Pee eee a Ag 
++ CURVE LI-15.0 ANNUAL RATED i i _ surviving at the beginning of each age interval, 
te ot = ~ arting i ree g o~ age, ar 
eS __ | SURVIVOR CURVE \. i starting with 100 percent at zero age, an 
. | \|\ FOR BITUMINOUS _ annual rate survivor curve would result. 
oe 5 oa CONCRETE (1) 7 inueeone Matching the survivor curve with the Iowa- 
20 i a 4 ae 1. 4 | wD curves determines the average life. 
L s | Figure 3 illustrates curves developed using 
aes +4 28 + a é . e 
. ~ | this method. A more detailed description oi 
10 | 7 ie a <1 + the service life analysis and an explanation of 
: oT | ~. the mechanies involved in computing average 
co oF a a ? : : 
oo. = Se service lives using these two methods are 
Oo oe 3 => 5 r : re - , J . -, By 
scusse » 1968 report and literature 
02 4 6 8 10 [2 14 I6 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 eee la fae 968 report (4) 
y Winfrey ae 
AGE, YEARS Seale tes 


‘ture 3.—Annual rate and type survivor curves for bituminous concrete (1) and portland 
cement concrete (J) surfaces retired 1950-54 (composite data). 


‘ calculated by using ages and mileages 
daining in service (tables 1-7). The mile- 
‘§ remaining in service January 1 of each 
‘if are expressed as percentages of the ori- 
al construction mileage. These percentages 
plotted by using the percentages remain- 

in service as the ordinate and the ages 
years as the abscissa. The plotted points 


f# then connected by a straight line to form 


tinal survivor curves. These curves are 
n matched with the Iowa-type curves (6) 


determine the type curve designation and 


rage life. Examples of the curves are il- 
rated in figure 2. 


| ‘he annual rate method also used ages and 


eages remaining in service (tables 1-7) to 


Neulate the probable average life. However, 


U 


he annual rate method, the rate of retire- 
it is calculated for each like-age group of 
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miles in service during the observation period 
that includes 1 or more years. By this 
method, calculation of values for a survivor 


curve requires two sets of data: (1) The 
number of miles retired during the period of 
observation and their ages at retirement, and 


In the 1968 report in the first procedure, 
using the original group method, the service 
life of each pavement type was determined 
individually State by State. Service lives were 
then weighted by total miles constructed in 
each vintage year. In the second procedure, 
using the same method, the miles constructed 
and miles remaining in service each January 
were added to consolidate the 26 States and 
Puerto Rico data into one table for each pave- 
ment type. Average service lives were then 
calculated directly from these tables. 


Table 10.—Percentage retired for various periods by the four methods for all surface types 
combined 


se tee ot re soe el ee ee en ee a eet 
; | 








1930and} 1931- 1936- 1941- 1946- 1951- | 1956- 1961- 1966- | Total 

Method of retirement prior 35 40 45 50 55 | 60 65 67 | 1967 and 
| prior 

| 

Wesuriace dease====eee 77.9 66. 9 63. 1 70.1 59. 9 56. 7 §2. 0 55. 7 60. 0 59. 3 
Reconstructed. ---- 18. 3 21,5 24. 6 22.5 31.4 33. 1 35.0 29. 5 Bop || Okt 
FANDOM Conese ee sae 4 Za 2.4 1.4 U7 1,2 1.8 13 | LA 1.6 
‘ransterredssea== see = 3.4 9.5 9.9 6, 0 750) 9.0 10. 5 13. 5 12.0 | 9.6 
Totaleee = meeece 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 100, 0 100. 0 100. 0 100, 0 
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2 Total miles retired shown will not agree with those in table 9, as data from one State is omitted. 
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1 Less than 0.05 percent. 














































The first procedure was used in the 1948 al 
1956 studies (3, 8). It was also used in ¢| 


65) 


1968 study (4) to show a direct comparis 
between the two _ procedures using th 
original group method. According to the 19) 
report, the two procedures give essentially ¢, 
same results. However, the second prod 
which consolidated the data into a composi) 
table for each pavement type, was consi 
preferable. 

For the study reported here the service liv; 
were calculated first by the second procedt, 
using the original method, and then by t 
procedure using the retirement or anm 
rate method. 


Mileage in Service 


Table 8 summarizes by 5-year groupings tg 
miles constructed and the miles and perce: 
ages remaining in service as of January 1, 19 
for each of the seven pavement types. Ba 
cally, there are no significant changes from te 
1968 report—the percentage remaining is § 
much less for the earlier vintage years than 
the later years. Approximately 43 percent) 
the total miles of pavements constructed fr 
1929 to 1967 were remaining in service 
January 1, 1968. Except for the H-2 surf 
type, over 50 percent of the miles construc 
for the higher type pavements were remain 
in service on January 1, 1968. This may b 
result of lower type pavements being repla 
with higher types. 


Methods of Retirement 


States record the miles retired according 
the method by which they were reti? 
Methods of retirement are classified as follo: 
(1) Resurfaced, (2) reconstructed, (3) abi 
doned, and (4) transferred. These classif 
tions are general in character and should 
so interpreted. Pavement retirements re; 
from the following reasons: structural dete 
ration, functional obsolescence, combinat 
of both structural deterioration and functic 
obsolescence, construction of related high» 
improvements, and other factors. Stri 
speaking, the transfer of a pavement to anot 
highway authority is not a retirement in‘ 
sense that the road has rendered its ti 
service, but it is a retirement from that pai 
ular highway system of which it was a p! 
(See Definitions at end of article for a n 
detailed description.) 

Tables 9 and 10 show the miles retired: 
method of retirement, and tables 11 an 
show the miles retired by method and repl 
ment type. As indicated by the footnot 
tables 11 and 12, one State’s data were 
used in the analysis of miles retired by! 
placement type, but were used in the anal 
of those retired by retirement method. 
sequently, the totals shown for each sur 
type and for all surface types combined 
not in complete agreement with tables 9 
10. 

Table 9 gives the total mileages retired! 
the percentage distribution by metho 
retirement. The overall relationship show) 
table 9 has been fairly consistent throug} 
the years. More than half of all retirem; 
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Methods of retirement 
Replacement type i — = 
Resur- Recon- Aban- Trans- Resur-  Recon- Aban- ‘Trans- Resur- Recon- <Aban- Trans- 
faced structed doned ferred Total faced structed doned ferred Total faced structed doned ferred Total 
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ia Less than 0.05 percent. 


a 


each pavement type were resurfaced. Also, 


proximately 89 percent of all retirements 
B by resurfacing and reconstruction, which 
consistent with the result of previous studies. 





Table 10 shows the percentage distribution 
es retired for the four methods by 5-year 


tervals from 1930 and prior to 1966-67. 

5as in the 1968 report, table 10 shows that 
ce World War II the percentage of re- 
tfaced roads decreased while the percentage 









versed. 
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Teconstructed roads increased. Following 


&€ 1956-60 period, however, the trend 


This reversal could be attributed to the 
accelerated Interstate highway program of the 
1960’s. Undoubtedly, many primary miles that 
would have been reconstructed were resurfaced 
to keep them in service temporarily. Possibly 
other mileages, which normally would have 
been replaced because of poor location, were 
also kept in service until they could be rebuilt. 

Table 11, for each of the seven pavement 
types, shows replacement type for each re- 
tirement by method of retirement. As shown 
in the table, except for portland cement con- 
crete (J), most pavement types retired were 


2 Total miles retired shown will not agree with those in table 9, as data from one State 
is omitted. 


resurfaced or reconstructed of the same pave- 
ment type and, to a lesser degree, with a 
higher quality pavement. For example, for 
mixed bituminous (G—2), 42.0 percent was 
resurfaced with the same G—2-type pavement 
and 10.8 percent was resurfaced with bitu- 
minous concrete (I). Also, for the mixed bitu- 
minous (G2), 18.0 percent was reconstructed 
with the same G—2 pavement and 5.7 percent 
reconstructed with bituminous concrete (I). 
For bituminous concrete (I), 58.3 percent was 
resurfaced with bituminous concrete. On the 
other hand, 43.7 percent of portland cement 
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Table 13.—Average service lives of construction vintages as calculated by consolidating the basic 19 States data before calculating © 


service life using original-group method 







| 





5 i e i i ; i itumi i itumi Bituminous pene- Bituminous pene- Bituminous Portland cement’ 
Construction year ames face Mixed Gane Se Mixed Fe tae Wee (Ee) tration (E-2) COL ETS) concretenal | 

929 geil Lo- 8.9 Lo-16. 0 S210. 0 125.6 L221. 5 82-28. 5 
es Lo-10. 2 Lo-10. 4 Lo-22. 5 S211. 4 Lo-16. 3 R2-17. 6 S2-30. 0 
1931 Lo-11. 6 Lo-12. 8 11-22. 0 Lo-11. 2 L1-19. 0 S219. 7 82-27. 5 
1932 Lo-10. 4 Lo-11. 9 L1-21.0 Re-11.8 Li-16. 2 L1-13. 7 Pye 0 
1933 Lo-11. 7 Lo- 8.8 L;-20. 5 Lo- 9.2 L;-17. 6 L)-14.7 1-28. 0 

9 Lo-13. 2 Lo- 8.9 11-22. 0 11-24. 0 L1-21.0 11-24. 0 S1-26. 0 
tet Teil 4 Lo- 7.7 Lo-22. 0 Ro-15. 2 So-22. 0 11-20. 5 81-23. 0 
1936 Lo-13. 5 Lo-11. 0 Lo-19. 0 L1-10. 0 R1-21. 0 Lo-18. 0 81-26. 0 
1937 1-13. 7 Lo- 8.0 Lo-20. 0 L;-13. 6 Ri-20. 0 Lo-21. 0 11-33. 0 
1938 Lo-15. 0 Lo- 9.5 Lo-20. 5 L1-10. 4 Lo-19. 0 Lo-15. 3 81-30. 5 

939 Lo-14. 5 Lo- 9.7 Lo-17. 0 Li- 3.6 Lo-17. 0 L;-16. 0 $1-26. 0 
co L-16. 5 Lo-10. 0 Lo-22. 5 Ly-17. 5 Ly-13. 0 L;-17. 0 $1-23. 0 
1941 Lo-17. 0 Lo-10. 0 Lo-13. 7 Lo- 7.5 Lo-14. 0 Lo-18. 5 So0-23. 0 
1942 Lo-17. 0 Lo-10. 3 Lp-12. 9 Lo- 8.3 Lo-15. 0 L1-13. 5 So-20. 0 
1943 Lo-15. 0 Lo- 7.0 Lo-11. 1 Lo- 4.7 Li-11.0 Ii-14. 5 So-15. 0 

944 Lo-14. 0 Lo- 7.0 Lp-10. 5 Su- 3.2 Lp-11. 0 L1-13. 0 So-13. 0 
1948 Lo-12. 5 Lo- 8.5 Lp-11.0 Lo- 6.3 Lo- 8.2 Lo-11. 5 Lo-16. 0 
1946 1-14. 0 Lo-10. 5 Lo-13. 5 Lo- 7.5 Lo-11. 0 L;-14. 0 S224. 0 
1947 Lo-16. 0 To-11. 5 Lo-16. 0 Lo- 8.8 So-14. 5 L214. 0 S1-25. 0 
1948 Lo-18. 5 Lo-12. 0 Lo-14. 0 Ri-14. 0 Lo-10. 0 L2-13. 0 S.-24. 0 
1949 Lo-15. 5 Lo-11. 5 L-15. 0 Ri-14. 0 Lo-10. 0 L;-14. 0 S2-23. 0 
1950 Lo-15. 0 Lo-11. 5 Lo-17. 0 Ro- 7.7 Lo-12. 0 L1-12.5 S1-23. 0 
1951 Lo-13. 0 Lo-18. 0 Lo-17. 0 S6-20. 0 Ry-14. 5 Li-12. 5 L2-22, 5 
1952 Lo-18. 0 Lo-14. 5 Lo-16. 5 L-11. 0 Ri-15. 0 Li-12. 0 So-23. 0 
1953 Lo-16. 0 Lo-14. 0 L-18. 0 S.-17. 0 Rir- 8.1 L113. 0 S2-24. 0 
1954 Lo-15. 0 Lo-15. 0 Lo-20. 0 R1-10. 1 Ri-12. 0 L112. 5 $1-22. 0 
1955 1-18. 5 Lo-15. 0 Ly-20. 0 Se-16. 0 R2-12. 0 Li-11. 5 S1-25. 0 
1956 Lo-11.0 Lo-16. 5 So-19. 0 Se-16. 0 Lyi- 8.0 L1-12.5 S0-25. 0 
1957 Lo-12. 0 Ry-15. 5 Ly-18. 0 Ss- 0.3 R,-16. 0 Li-12. 0 Ry1-25. 0 
1958 Lo-15. 0 So-17. 0 Lo-18. 0 Ry-14. 0 R3-11. 5 L1-12. 5 So-21. 0 
1959 Lo-12. 0 Ri-18. 0 Lo-16. 0 (2) So- 7.5 4 L;-13.5 So0-25. 0 
1960 Lo-12. 0 L1-17.0 Lo-23. 0 Ro- 7.5 S.-15. 0 L1-13.0 So-25. 0 
1961 Lo-12. 0 L1-17. 0 Lo-22. 0 Si- 5.0 Li- 7.0 L114. 0 So-25. 0 
1962 Lo-12. 0 L:-17. 0 Lo-17. 0 Se- 3.0 Lo-10. 0 L;-14. 0 So0-25. 0 
1963 Lo-12. 0 Lo-14. 0 Lo-17. 0 (?) Lo-10. 0 L;-14. 0 S0-25. 0 
1964 Lo-12. 0 Lo-14. 0 Lo-17. 0 Se- 4.0 Lo-10. 0 L1-15. 0 So-25. 0 
1965 Lo-12. 0 Lo-14. 0 Lo-17. 0 (2) L;-12. 0 L1-15. 0 So-25. 0 
1966 Lo-12. 0 Lo-14. 0 Lo-17. 0 Se- 5.0 Lo-10. 0 L1-15. 0 S0-25. 0 
1967 Lo-12. 0 Lo-14. 0 Lo-17. 0 (2) 11-12. 0 L;-15. 0 So-25. 0 























1 An acceptable fit was not found among the original 18 type survivor curves. 


concrete (J) retirements were resurfaced with 
bituminous concrete but only 0.7 percent 
resurfaced with the same J-type pavement. 
These relationships are generally consistent 
with those indicated in the 1968 report (4). 

The trend in pavement replacement type is 
indicated in table 12 for each of the four 
retirement methods. Over the years about 65 
percent of the retirements were replaced by 
the same four pavement types, mixed bitu- 
minous (G—1 and G—2), bituminous concrete 
(1), and portland cement concrete (J). The 
percentage of retirements replaced with mixed 
bituminous (G—-1l and G—2) was 50.7 percent 
prior to 1950, but decreased to a low of 20.5 
percent by 1966-67. For bituminous concrete 
(1) and portland cement concrete (J), the 
percentage decreased from 25.1, prior to 1930, 
to a low of 14.7 in 1936-40, after which it 
increased to 64.3 percent in 1966-67. These 
findings substantiate what has already been 
stated: because of higher type standards and 
specifications in the later years, retired pave- 
ments were usually replaced with higher 
quality pavements. 

Tables 11 and 12 indicate a replacement 
type for abandonments and transfers, which, 
of course is illogical. Abandonments are not 
replaced, and transfers are to another highway 
system, usually without change in surface 
type. The explanation for these illogical entries 
was that data coding for machine analysis was 
not adjusted to separate the abandonments 
and transfers. They were assigned replacement 


202 


2 No miles constructed. 


types according to the resurfacing or recon- 
struction work on the major highway locations 
that caused the abandonment or transfer. 


Trends in Service Life 


Two procedures to determine the service 
life of each of the seven pavement types were 
used in the study reported here. One pro- 
cedure employed the original group method 
or vintage method; the other employed the 
retirement rate or annual rate method. In 
both procedures the basic data on miles con- 
structed and miles remaining in service, 
submitted by the States, were consolidated 


Table 14.—Weighted probable average lives for various construction-year periods for e/E 
surface type 








Construction 
year period Bituminous Mixed Mixed 
surface bituminous | bituminous 
treated (F) (G-1) (G-2) 
Years Years Years 
1929-33 10.7 1152 20.9 
1934-38 13.7 9.0 20. 7 
1939-43 15. 0 9.7 15.6 
1944-48 14,2 10. 3 13. 6 
1949-53 14.5 12.8 16.8 
1954-58 lane 15. 7. 19.1 
1959-63 12.0 16. 5 18.9 
1964-67 12.0 14.0 70) 





1 Weighted in accordance with constructed mileage and the estimate of average service life. Average life is shown tc 
nearest 0.1 year, but should not be presumed accurate to this extent. Averages would be materially affected by exclu | 


States or by adding others. 


4 












{ 


in one table for each pavement type. TI; 
tables were then used to calculate the aver: 
service lives. 


Procedure 1—vintage, or original gré 


method 





Using tables 1-7, the percentage survivig' 
each year following construction for e} 
vintage was calculated and plotted to fc 
survivor curves for each vintage. Survi 
curves were then matched with the Io@: 
type curves to determine the type c 
designation and the average service li 
Figure 2 illustrates the type survivor cur3! 
obtained by this procedure. 








| 
mec 
| 
| 


| | | | | 


Average life ! 
Bituminous | Bituminous | Bituminous Portland} 
penetration | penetration | concrete (1) cement |) 
(H-1) (H-2) contrete (J 
Years Years Years Years 
10.5 17.7 Wee 28.6 
14.4 21.0 19.5 28.4 
8.6 14.0 15.8 22,8 
8.0 OG 13, 2 22. 5 
IDA 12.5 12.6 23. 1 
14.6 11.8 12,2 23.5 
3.9 8.8 13,7 25.0 
4,2 10.9 15. 0 25. 0 
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Table 15.—Comparison of type survivor curves and average lives presented in 1968 report with those listed in the present report 


(Determined by retirement-rate method and by various retirement year bands for each surface type] 





5-year retirement bands 3-year 10-year retirement bands 


Surface type 





1930-34 1935-39 1940-44 1945-49 1950-54 1955-59 1960-64 1965-67 1945-54 1950-59 1955-64 








Lo- 6.0 
Lo- 7.0 


Lo- 8.5 
Lo-10. 0 


Lo-15. 0 
Lo-14. 0 


Bituminous surface treated (F)____- 
HOGS TOPOL Vsseasen see eee eee 


To-14. 5 
Lo-15. 5 


Lo-15. 0 
Lo-15. 0 


Lo-14. 5 
L-13. 5 


Lo-14. 5 
Lo-15. 0 


Lo-15. 
Lo-14. 


Lo-16. 0 


Mixed bituminous: 


Lo- 7.0 
Lo- 9.0 


L,-12. 0 
L,;-14. 5 


Lo- 6.0 
Lo- 8.5 


Lo-16. 0 
L2-12. 0 


Lo-13. 0 
Lo-17.5 


Lo-10. 0 
Lo-12. 5 


Lo-15. 0 
L;-19. 0 


Lo-10. 0 
Lo-11. 0 


Lo-12. 
Lo-13. 


Lo-16. 
Lo-17. 


Lo-10. 
Lo-12. 


Lo-11. 
Soe ope ea ae ee Lo-12. 
CEP es oo ee 4 ee 
HUGS: LODO! Uae teen wes see. od 18S 


Lo-17. 0 
Ry,-21.5 


Lo-14. 5 


Lo-15. 
Lo-17. 5 


Lo-19. 


Lo-16. 
Lo-17. 


Bituminous penetration: 
cE eee eee Fee ee et Li- 5.0 
Lo-12. 5 


L;-11. 0 
Ry,-14, 5 


Lp-14. 0 
Ry-21.5 


Lo- 8.5 
Ri-16. 0 


L114. 5 
L;-19. 0 


Lo- 5.5 
Lo-13. 0 


Lo-15. 0 
R,-21. 0 


L,-14. 5 
So-16. 5 


Lo- 9. 
Lo-16. 


L;-16. 
So-1s8. 


Lo-l 4, 
Lo-17. 


Lo-14. 
L)-16. 


L210. 5 
81-18. 0 


So-18. 0 
So-21. 0 


Lo-12. 5 
Lo-16. 0 


Lo-15. 
So-20. 


L116. 
L,-18. 


Ro-24, 
R226. 


So-18. 0 
So-20. 5 


Lo-16. 0 
11-18. 5 


Ri-16. 0 
So-19. 0 


R2-23. 0 
R3-26. 5 


Bituminous concrete (I)_-___-_----- 
ROGSIPe DOL beaee as cee sone es 


11-13. 0 


S224. 0 
R3-26. 0 


Portland cement concrete (J)__.__-- 
LOGS TO POM seen ee nee ee ee 


$1-25. 0 
$2-28. 5 


So-23. 0 So-25. 


ao ao oo ao 


R228. 0 
Ra-25. 5 





Service lives by individual construction 
years are summarized in table 13. Because 
retirements for the years 1959-67 were not 


‘sufficient to indicate a reliable trend, the 


average lives for those years were based on 
past retirement trends and judgment. Service 
lives for the years 1959-67 were developed 
to obtain an insight into the expected service 
lives for those years. Except for pavements 
F and H-1, service lives for most pavement 
types increased. 

Table 14 was prepared from data shown 
in tables 1-7 and 13 by combining individual 
construction years into 8 construction-year 
groupings. Averages were then calculated by 
weighing the estimated average service life 
for a particular pavement type during a given 
year with the mileage constructed during 


\ that year. 


_ Although the calculated service lives shown 
in both tables 13 and 14 indicate no marked 
trend, interesting facts are revealed for the 
following surface types: 
_¢@ Bituminous surface treated (F)  in- 
creased in service life from 1929 to 1943 and 
decreased in service life from 1944 to 1967. 
e Portland cement concrete (J) decreased 
in service life from 1929 to 1948 and increased 
in service life from 1949 to 1967. 
e Bituminous concrete (I) increased slight- 


jly in service life from 1929 to 1938, decreased 


from 1939 to 1958, and increased slightly 
again from 1959 to 1967. 

| The increase in service life for the higher 
type pavements, in the later years, may 
result from improved design standards, 
Specifications, and construction practices. 
Other contributing factors may be the con- 
struction in recent years of full-depth asphalt 





contributed to the increase in service life 
from 1929 to 1943 for the bituminous surface 
treated (F) pavement type. 


Procedure 2—retirement rate method 


The retirement rate, or annual rate method 
may be applied to a single year’s retirement 
experience or to a band of one or more years 
during which the exposure to retirement and 
the retirements from each vintage are avail- 
able. This method results in an average 
service life that is a measure of the retirement 
activity during the series of observation 
years. The service life is then a composite 
experience of all pavements in service during 
the series of years. This method considers not 
only current retirements, but also miles re- 
maining in service, and uses them according to 
both their amount and age. Such calculations 
result in a true picture of the retirement rate. 
Figure 3 illustrates the type survivor curves 
obtained using the annual rate method. 

Table 15 shows a comparison of the service 
lives presented in the 1968 report with those 
reported here for the same 5- and 10-year 
bands. Generally, the trends are similar. 
Although a decrease in service life from the 
1950-54 band to the 1955-59 band is still 
indicated for most pavement types, an increase 
in service life for the next 5-year band is 
indicated for all but the H—1 pavement. 

In some pavement types there are certain 
differences between the service lives presented 
in the 1968 report and those listed in this 
report for the same 5-year bands, particularly 
for the H-1 and H-2 pavements. These 











differences are insignificant, as variations in 
service lives are not uncommon when the 
analyses are based upon different State 
groupings. Unusual construction practices in 
one State may have considerable effect on the 
average for a group of States. Although data 
from 16 States included in the 1968 report are 
also included in this report, the addition of one 
State or the exclusion of another from a group 
of States may also affect the results of service 
life analysis. 


Life Expectancy 


The probable life of the mileage in service is 
equivalent to its age plus its expectancy. 
Under certain conditions, it is possible for the 
average age of mileage in service to exceed the 
average lives shown in table 14. 

The average lives shown in table 14 are the 
average expectancies at the time of construc- 
tion or at age zero. As the highway system 
develops and becomes older, the average age 
of the surfaces increases and the remaining 
life expectancy decreases. Also, as the system 
becomes older, mileages of earlier vintages 
are taken out of service, thus leaving in service 
those mileages whose lives will exceed the 
average life of the total original constructions. 

Table 16 shows the average age, remaining 
life expectancy, and total probable life of the 
mileages in service at 5-year intervals from 
January 1, 1934, to January 1, 1964, and a 
4-year interval to January 1, 1968. In this 
table the seven surface types have been com- 
bined into two major groups, intermediate 


Table 16.—Average age, life expectancy, and probable life of mileage in service at 5-year 
intervals ! 



































pavements and the practice of placing bi- Titermedinteteps Histityne 

tuminous overlays on old portland cement Date January 1 |__ = 

of each year) 

soncrete pavements. On the other hand, the Age Expectancy Probable Age Expectancy Erobable 
, |) decrease in service life of the portland cement life 1 a 
i icon pavement type from 1929 to 2 : 
Be ) ee wT é A Years Years Years Years Years Years 
/ 91948 may have resulted from the deteriorating 1934 2.0 11.3 13.3 2,3 Be 24. : 
Joffect of the increases in traffic volume and tees aut ee ay) math 167 245 
axle-load applications on roads built under me fe 10 f Ae : a Be oe s 
)fanfavorable conditions, particularly during 1959 10.7 9.9 20.6 10.4 12. 9 22.4 

: 1964 13.0 8.2 oie 1152 : Pa 

and after the war. Moreover, the practice 1968 15.5 noe O17 116 10.9 | 5 
of treating old gravel and stone roads with 

dituminous in the early years may have 1 Based on analyses of data submitted by 19 States. 
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HIGH TYPES 


and high. The intermediate type includes YEARS 





F, G-1, and H-1 pavements; the high type 25 
includes G-2, H-2, I, and J pavements. 

Table 16 indicates an increasing age and 20 
decreasing life expectancy of the miles in 
service for both major surface types. However, IS 
since 1954 the high type seems to have reached 
a period of stability. This information is 10 YZ Uj 
graphically illustrated in figure 4. The major Yj Yj 
points are the increasing age and decreasing 5 Y ZY 
remaining life expectancy of the intermediate Gy Y 





type pavements from 1934 to 1968 and the 0 
leveling off of the increase in age and decrease 
in remaining life expectancy for the high type 
pavements from 1954 to 1968. 

In recent years, when intermediate type 
pavements have been retired, usually they 
have been replaced with high type pavements. 
Consequently, the intermediate type pave- 
ments now in service are older and have a 
shorter remaining life expectancy than the 
high type pavements. 


EXPECTANCY j 


PROBABLE LIFE 
AGE | 


INTERMEDIATE TYPES 


ae 


25 


Future Survivals 


Table 17 gives the total mileages in service 
on January 1, 1968, and the probable amounts 
from prior vintages that will remain in service 
for the next 10 and 20 years. This information 
was compiled by applying the survivor curve 
with its appropriate service life to the pave- 
ments surviving January 1, 1968, and cal- 
culating the miles remaining on January 1, 


: : ° P ; 
1978, and January 1, 1988. Based on the Table 17.—Mileage in service on January 1, 1968, and estimated mileages and percentages, 
assumption that the would-be retirements are remaining in service on January 1, 1978, and 1988, by surface types, without new 
construction 








not replaced, table 17 indicates that approxi- 


mately 60 percent of the miles in service in aie ; 
: Remaining in service on 4 






































1968 will be retired for various reasons by Surface type In service 
vd ' 7 os Eat Re eae ets . Jan. 1, 1968 
1978, and 87 percent will be retired by 1988. Jan. 1, 1978 Jan. 1, 1988 
Thus emphasizing that highways do wear out. 
Miles Miles Percent Mi Percent 
Bituminous surface treated (F) 26, 008. 2 6, 880. 4 26. 4.9 
Summa ry Mixed bituminous (G-1) 8,401.1 2, 375.9 71 
WikbceroljortrbbombaKoiy (EDA. es eee eee eee 36, 857. 9 17, 802. 1 19.1 
Bituminous penetration (H-1) 126. 1 5.4 0.5 
oe, Seem By a ae Baeen eles Ee n Bicuminous penebrabl On (l=2) === me eee nee 1, 684, 2 156. 3 0.8 
Highway programs, particularl) those of Bituminous concrete (1) 87,972.9 | 15, 444.4 10.1 
long-range estimates of highway improve- Portland cement concrete (J) 13, 562. 7 6, 867. 4 24, 2 
ments, must consider the average life of Total oD re ee a 124, 613. 1 49, 531.9 12,9 
existing construction. Even though the exact 
average life of pavement already retired can t Calculated on the basis that would-be retirements are not replaced. The type curve and service lives from table 13 were 


C : aie used to calculate surviving mileages for 1978 and 1988. 
be determined, the average life of existing ; : iS ; 


pavement cannot be determined with cer- 
tainty. Therefore, the only logical approach 
is to analyze the average life of past construc- 
tion from which established facts and trends 


4 Nee ai* t life information shown in table 15 and are the ACKNOWLEDGMENTS 

Cé ye USEC AS & ass r ar ing at areas - : . . : . 

ohare ee x a pe aa ee a i x ee aay best indications now available of the service- 

pile eeulneve Ob Ube severe ge GLO existing) jife- characteristitevoreticsemec eu pavement The authors express their appreciation to 


and future construction. 
Based on the trend of past construction, 
service lives of pavements will become or 


types. When local experience does not Mr. Robley Winfrey, Mrs. Phebe D. Howell, 
indicate otherwise, these service lives may nd Mr. Bill G. Bullard for their technical 








be used. assistance and advice in the development and 

approach a reality only as long as conditions Average preparation of the report, and to the personnel 
a caused the trends continue to maintain Type ee of the various State highway departments 
the same influences. Fluctuations in condition - Surface type curve years for their fine work in compiling and reporting 
of service, standards of design and construc- Bituminous surface Lo 16.0 the road life data. 
tion, and management policies can affect the treated (F). 
predicted average lives of highway pavements. Mixed bituminous (G-1)___. Ly 16. 0 
Therefore, in a given State or for a particular Mixed bituminous (G-2)___ Lp 20. 0 REFERENCES 
project, the service life may differ appreciably Bituminous penetration Ll, 12. 0 
from the service lives resulting from combining (H-1). (1) Life Characteristics of Surfaces Con- 
the data from the 19 States. Bituminous penetration Lo 16.0 structed on Primary Rural Highways, by 

The service lives presented in the following (H-2). Robley Winfrey and Fred B. Farrell, HRB 
tabulation are based on the road life data Bituminous concrete (I)_._- L; or So 15.0 Proc., Vol. 20, pp. 165-199, 1940: also 
submitted by the 19 States participating in Portland cement concrete S: 25.0 PUBLIC ROADS, Vol. 22, No. 1, pp. 1-24; 
the study. They were derived from the service (GD). March 1941. 
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(2) Depreciation of Group Properties, by 
| Robley Winfrey, Bull. 155, Iowa Eng. 
| Bxper. Station, Iowa State College, 1942. 
(3) Life Characteristics of Highway Surfaces, 
'by Fred B. Farrell and Henry R. Paterick, 
® HRB Proc., Vol. 28, pp. 40-52, 1948; also 
® PUBLIC ROADS, Vol. 25, No. 9, August 
| 1949. 

(4) Highway Pavements—Their Service Lives, 
by Robley Winfrey and Phebe D. Howell, 






| Highway Research Record 252, pp. 1-23, 
| 1968. 
- General 

Construction and reconstruction. — The con- 


» struction of a new highway or the reconstruc- 
tion of a highway or of its component parts to 
a degree that new, supplementary, or sub- 
stantially improved traffic service is provided, 


and significant geometric or _ structural 
_ improvements are effected. 
Betterments. — The improvements, adjust- 


ments, or additions to a highway that more 
than restore it to its former good condition and 
| that result in better traffic serviceability 
without major changes in the original existing 
construction. Such betterments properly 
should be termed capital betterments as the 
funds used to pay the cost are considered a 
capital investment on which the return is 
_ increased service to the traveling public, much 
the same as funds used for new construction 
or reconstruction, but in the interests of 
convenience the single word betterment is 
used herein. 

Resurfacing. — Laying on top of existing 
pavement a new surfacing material of 1 inch 
or more in thickness that in effect provides for 
a new riding surface but utilizes the former 
pavement structure in whole or in part as the 
base or foundation of the new surface. Resur- 
facing may or may not result in a change in the 
surface type classsification. 

Physical maintenance. — The preservation 
_and upkeep of a highway, including all of its 
elements, in as nearly as practicable its original 
as-constructed condition or its subsequently 
improved conditions. 

Traffic services. — The operation of a highway 
facility, and services incidental thereto, to 
provide safe, convenient, and economical 
highway trasportation. 

Retirement. — The removal from service of a 
' significant portion of a highway facility 
through abandonment or reconstruction to a 
different type. 

Abandonment. — A retirement in which the 
roadway, facility, structure, or other property 
is discarded in place. 


Surface types 


Primitive road (A). — An unimproved route 
(on which there is no public maintenance) 
) usable by 4-wheel vehicles and _ publicly 
| traveled by small numbers of vehicles. 





2 Definitions are from references (1), (3), (8), and (9). 
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(5) A system for Estimating Present Surface 
Condition and Remaining Service Life of 
Existing Pavement Sections, by Ivano E. Corvi 
and Bill G. Bullard, PUBLIC ROADS, 
Vol. 36, No. 5, December 1970, pp. 93-118. 

(6) Statistical Analyses of Industrial Property 
Retirements, by Robley Winfrey, Bull., 125, 
Iowa Eng. Exper. Station, Iowa State College, 
1935. (Extended and republished, 1967.) 

(7) Preliminary Studies of the Actual 
Service Lives of Pavements, by Robley Winfrey, 
HRB Proc., Vol. 15, pp. 47-60, 1935. 


DEFINITIONS ” 


Unimproved road (B).—A road using the 
natural surface and maintained to permit 
bare passability for motor vehicles, but not 
conforming to the requirements for a graded 
and drained earth road. The road may have 
been bladed, and minor improvements may 
have been made locally. 


Graded and drained earth road (C).—A road 
of natural earth alined and graded to permit 
reasonably convenient use by motor vehicles 
and drained by longitudinal and transverse 
drainage systems (natural or artificial) suffi- 
ciently to prevent serious impairment of the 
road by normal surface water, with or without 
dust palliative treatment or a continuous 
course of special borrow material to protect the 
new roadbed temporarily and to facilitate 
immediate traffic service. 


Soil-surfaced road (D).—A road of natural 
soil, thé surface of which has been improved 
to provide more adequate traffic service by 
the addition of (a) a course of mixed soil 
having A-1 or A-2 characteristics, such as 
sandclay, soft shale, or topsoil, or (b) an ad- 
mixture such as bituminous material, portland 
cement, calcium, chloride, sodium chloride, 
or fine granular material (sand or similar 
material). 


Gravel or stone road (E).—A road the surface 
of which consists of gravel, broken stone, 
slag, chert, caliche, iron ore, shale, chat, 
disintegrated rock or granite, or other similar 
fragmental material (coarser than sand) with 
or without sandclay, bituminous, chemical, or 
portland cement stabilizing admixture or light 
penetrations of oil or chemical to serve as a 
dust palliative. 


Bituminous surface-treated road (F).—An 
earth road, a soil-surfaced road, or a gravel or 
stone road to which has been added by any 
process a bituminous surface course, with or 
without a seal coat, the total compacted thick- 
ness of which is less than 1 inch. Seal coats 
include those known as chip seals, drag seals, 
plant-mix seals, and rock asphalt seals. 


Mixed bituminous road (G).—A road the 
surface course of which is 1 inch or more in 
compacted thickness composed of gravel, 
stone, sand, or similar material, mixed with 
bituminous material under partial control as 
to grading and proportions. 


(8) Lives of Highway Surfaces—Half Century 
Trends, by Gordon D. Gronberg and Nellie 
B. Blosser, HRB Proc., Vol. 35, pp. 89-101, 
1956; also PUBLIC ROADS, Vol. 29, No. 2, 
June 1956, pp. 17-24. 


(9) Manual of Uniform Highway Accounting 
Procedures, AASHO, Washington, 1960. 


(10) The Investment Analysis Approach to 
Estimating Highway Needs, HRB Proc., Vol. 
35, pp. 9-13, 1956; also PUBLIC ROADS, 
Vol. 29, No. 2. June 1956, pp. 25-28. 


G-1—the base course of which is of other 
than types J, K, or L and the combined com- 
pacted thickness of surface and base is less 
than 7 inches. 

G-—2—on a base of types J, K, or L, or on 
any other type of base where the combined 
compacted thickness of surface and base is 
7 inches or more (or equivalent). 

Bituminous penetration road (H).—A road 
the surface course of which is 1 inch or more 
in compacted thickness composed of gravel, 
stone, sand, or similar material bound with 
bituminous material introduced by downward 
or upward penetration. 

H-1—the base course of which is of other 
than types J, K, or L, and the combined com- 
pacted thickness of surface and base is less 
than 7 inches. 

H-2—on a base of types J, K, or L, or on 
any other type of base where the combined 
compacted thickness of surface and base is 7 
inches or more (or equivalent). 

Bituminous concrete (I), sheet asphalt, or rock 
asp hait road.—A road on which has been con- 
structed a surface course 1 inch or more in 
compacted thickness consisting of bituminous 
concrete or sheet asphalt, prepared in accord- 
ance with precise specifications controlling 
gradation, proportions, and consistency of 
composition, or of rock asphalt. The surface 
course may consist of combinations of two or 
more layers such as a bottom and a top 
course, or a binder and a wearing course. 

Portland cement concrete road (J).—A road 
consisting of portland cement concrete with 
or without a bituminous wearing surface less 
than | inch in compacted thickness. 

Brick road (K).—A road consisting of paving 
brick with or without a bituminous wearing 
surface less than 1 inch in compacted 
thickness. 

Block road (L).—A road consisting of stone 
block, wood block, asphalt block or other form 
of block, except paving brick, with or without 
a bituminous wearing surface less than 1 inch 
in compacted thickness. 


Retirement methods 


Resurfacing.—Roads which are resurfaced 
or used as a base for the replacement type 
are so classified when the old surface is utilized 
more or less intact (with the exception of 
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necessary scarifying, reshaping, or partial 
reworking of the surface) in the new con- 
struction which retires the old _ surface. 
Examples of this method are the retirement 
of a soil-surfaced road by surface treating, or 
the retirement of a gravel or stone road by 
utilizing it as a base or foundation for a mixed 
bituminous road or a bituminous penetration 
road. For surfaces that are retired by this 
method, it is obvious that the new or replace- 
ment construction must necessarily be along 
the same alinement and practically the same 
grade. 

Reconstruction.— When surfaces are retired 
by reconstruction there is little or no salvage 
of the old surface and base into the new type 
constructed. This classification includes old 
surfaces and bases that are torn up and not 
reused. Usually, for types that are retired by 
this method, the replacement type is built 
along the same general alinement (generally 
within the limits of the existing right-of-way) 





Highway Research and Development Reports Available from 


involving only minor improvements in hori- 
zontal curvature. Substantial improvements 
are usually made with respect to grades, 
however. 

Abandonment.—When the new construction 
is on new location, the old road is classified 
as abandoned when it is no longer maintained 
or kept in service at public expense. The 
abandoned road may revert to a private road, 
may be barricaded to public travel, or may 
be torn up and removed. Sometimes, because 
of changes in land usage, such as abandon- 
ment of factories, and removal or construc- 
tion of railroad facilities, roads may be 
abandoned without involving new construc- 
tion that may be considered as replacing the 
mileage abandoned. 

Transfer.—A retirement by transfer is sim- 
ilar to an abandonment, except that the old 
road is continued in service after being dropped 
from the State or Federal-aid system and is 
maintained by county or other authority re- 


the National Technical Information Service 


The following highway research and development reports are available from the National 
Technical Information Service (formerly the Clearinghouse for Federal Scientific and Technical 
Information), Sills Building, 5285 Port Royal Road, Springfield, Va. 22151. Paper copies are 
priced at $8 each and microfiche copies at 95 cents each. To order, send the stock number of each report 
desired and a check or money order to the National Technical Information Service. Prepayment is 


regutired. 


Other highway research and development reports available from the National Technical Infor- 


mation Service will be announced in future issues. 


Stock No. 

PB 196509 Cast-In-Drilled-Hole-Piles in Adverse Soil 
Conditions—Part I. 

PB 196510 Integration of Systems Under Development. 

PB 196511 The Effects of Environmental Conditions on 
Driver On-Ramp Merging Behavior. 

PB 196522 Methodology for Relating Highway Invest- 
ment to Regional Economie Activity. 

PB 196523 Development and Fabrication of the Virginia 
Skid-Resistance Measurement Vehicle 
(Model 2). 

PB 196524 Long-Term Overturning Loads on Drilled 
Shaft Footings. 

PB 196525 Grasses and Their Establishment as Turf 
Along Newly Graded Highways. 

PB 196526 Erodibility of Slopes (Phase I). 

PB 196527 Effect of Some Aggregate Characteristics on 
the Fatigue Behavior of an Asphaltic Con- 
crete Mixture. 

PB 196532 Reactions in Portland Cement-Clay 
Mixtures. 

PB 196533 Asphalt Mixture Behavior in Repeated 
Flexure. 

PB 196534 Selection and Design of a Skid Tester. 

PB 196535 Tension Pile Study. 

PB 196559 Gap-Graded Versus Continuously Graded 
Air-Entrained Concrete for Highway 
Facilities. 

PB 196565 Subgrade Moisture Variations. 
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Stock No. 

PB 196566 Progress Report on Condition Surveys 
Along I-70S8 Through June 1970. 

PB 196580 Traffic Systems Reviews and Abstracts, 
November 1970 Issue. 

PB 196592 Static and Fatigue Properties of High- 
Strength Bolt Shear Connectors. 

PB 196593 Evaluation of the Performance of Ultrasonic 
Equipment for Pavement Thickness 
Measurement. 

PB 196721 Strength Characteristics of Pavement 
Materials. 

PB 196722 Summary of Collected Data—Interim Re- 
port X. 

PB 196724 Lean Mix Concrete Base Widening. 

PB 196807 Connecticut Master Transportation Plan 
(1971). 

PB 196956 Relationship Between Soil Support Value 
and Kentucky CBR. 

PB 196971 Adaptation of the Radial Flow Energy 
Dissipator for Use With Circular or Box 
Culverts. 

PB 196972 Flood Protection at Culvert Outlets. 

PB 196973 Research on Asphaltic Materials—Terminal 
Report. 

PB 196975 Investigation of a Torsion Post-Beam Rail 
Type of Bridge Railing. 

PB 196984 Treatment for Upgrading Base Materials. 









































sponsible for the upkeep of the roads not on) 
the State or Federal-aid system. A transfer is| 
not a retirement in the sense that the road) 
has rendered its total service to the public, 
but merely that it has rendered its complete 
service as a primary State or Federal-aid| 
highway. Retirements by transfer are gen- 
erally the result of functional obsolescence 
involving alinements and grades that are 
unsatisfactory for existing traffic conditions. 
A new road is built on new alinement and 
improved grades, and the old road remains in 
service usually because of the necessity of 
providing for local traffic usage. After the 
new road is placed in service on the State or 
Federal-aid highway system, the State will no 
longer desire to continue responsibility for, 
further upkeep of the old road, and the 
county or other local authority generally takes 
over this responsibility. If the road is entirely 
discontinued from service, it is considered an 
abandonment. 











Stock No. 

PB 196986 Traffic Systems Reviews and Abstracts, 
December 1970 Issue. 

PB 196991 Automobile Dynamics—A Computer Simu-, 
lation of Three-Dimensional Motions for) 
Use in Studies of Braking Systems and of 
the Driving Task. 

PB 196995 Highways and Economic Development in 
Ohio, Volume I. 

PB 197085 Feasibility Study for Bus Rapid Transit in 
the Shirley Highway Corridor. 

PB 197090 A Design for an Experimental Route Guid- 
ance System—Volume I, System Descrip- 
tion. 

PB 197091 Volume II, Hardware Description. 

PB 197092 Volume III, Driver Display, Experimental 
Evaluation. i 

PB 197093 Volume IV, Decoder Programming. 

PB 197148 Quantitative Cold Differential Therma 
Analysis. 

PB 197149 A Study of Conerete Consolidation. 

PB 197150 Evaluation and Application Study of the 
General Motors Corporation Rapid Travel 
Profilometer. 

PB 197151 Characteristics of Various Aggregate Pro- 
ducing Bedrock Formations in New York 
State. 

PB 197159 A Three-Dimensional Mathematical Model 
of an Automobile Passenger. J 

PB 197160 Microbial Control of Lepidopterous Larvae. 

PB 197162 Evaluation of Base Courses for Flexible 
Pavements. } 

PB 197276 Raised Reflective Lane Markers for Urban 
Roadways. 

PB 197492 1970 World Survey of Current Research and. 
Development on Roads and Road Trans- 
port. | 

PB 197606 GHD Research Assistance Project No. I-70: 
Development of a Procedure to Estimate 
Parking Demand in Urban Areas. 

PB 197626 A Study of Social, Economic & Environ- 


mental Impact of Highway Transporta- 
tion Facilities on Urban Communities. 


et 


Digest of Recent Research 
and Development Results 


Reported by the Implementation Division, Office of Development 


‘ERIAL EKTACHROME INFRARED PHOTOGRAPHY FOR 
ERRAIN AND PAVEMENT EVALUATION 


For obtaining information on terrain conditions identifiable from 
agetation, Ektachrome infrared (IR) Aero film has superior resolution 
3; compared with color prints from color negatives. Ektachrome IR 
istinguishes better the difference in hues of varieties of vegetation, 
ad ranges of soil types. Natural color film, though it identifies natural 
jlors of features in terrain analysis, does not match the superior 
yntrast offered by infrared for different vegetation and soil types. 
Aerial infrared color photographs also have applications valuable to 
aintenance personnel for identifying a variety of pavement distress 
ynditions. Comparison by a specially developed technique indicates 
at Ektachrome IR Aero transparencies yield the most information on 
avement distress features. For reconnaissance a scale of 500 ft./in. 
adequate; for detailed studies a scale of 200 ft./in. is suggested. 
These conclusions were developed from an extended l-year experi- 
ental study of aerial color photo coverage for a short section of inter- 
ate highway in Maine. 


Color Aerial Photography Research, Maine State Highway Commission report, 
ate Study No. 58520. NTIS No. PB-183300. 


(FLUENCE OF STEAM CURING ON 
URABILITY OF CONCRETE 


Steam curing of precast concrete at temperatures of 130° and 160° 
, produces optimum 24-hour compressive strengths and also enhances 
e resistance of concrete to sulfate attack and volume changes. It was 
so found that cement composition influences durability of steam 
ired concrete much more than does variation in steaming procedures. 
le durability determinations were based on the accelerated freezing 
id thawing tests, exposure to sulfate solution, and volume changes 
om wetting and drying. 


4n Investigation of the Durability of Steam-Cured Concrete, Phase II, 1969, Vir- 
‘aia Study No. 0461, Virginia Highway Research Council report, NTIS No. 
3-184946. 


ASE STABILIZATION ON LOW TRAFFIC ROADS 


Stabilization of the upper portion of sandy subgrade soils with either 
asphalt emulsion or a medium-cure cut-back asphalt was found to be 
satisfactory substitute for gravel base on lightly traveled Minnesota 
ads, and to be significantly economical in sandy soils where granular 
aterials are becoming scarce. Performance showed considerable 
nilarity for all test sections with no significant differences for 2- and 
nch-base sections. Stabilization to a depth of 4 inches topped with a 
nd seal-coat was the most economical. The State plans further investi- 
tion of this type construction for different soil types and traffic 
nditions. 


ixperimental Bituminous Stabilization Project, (Wadena County) 1968, Min- 
s0ta Department of Highways Report No. 307. NTIS No. PB-185446. 


'BLIC ROADS ® Vol. 36, No. 9 


i 





CONTROL OF SURFACE ROUGHNESS DURING RIGID 
PAVEMENT CONSTRUCTION 


Measuring the surface roughness index of freshly placed plastic 
concrete pavements requires methods not yet adequately perfected. 
However, a profilograph record made within a few hours after placement 
of the fresh concrete facilities prompt corrective action by identifying 
significant causes of rough finishing. Excessive roughness was found 
to be distinctly related to five factors: (1) Backing up of rear finishing 
machine, (2) absence of a surface float in the finishing train, (3) less 
than three screeds in the finishing train, (4) use of surface crowned 
cross section, and (5) single-lane paving. These causes, plus other 
construction phenomena contributing to surface roughness, were found 
in a 2-year study using the California profilograph on 184 sections of 
One- and two-lane pavements on 62 New York projects employing seven 
different form-type finishing machines and three different slipform 
pavers. 


Construction Control of Rigid Pavement Roughness, Interim report, 1969, New 
York Department of Transportation, Study No. 25-4. 


STABILIZING HIGHLY EXPANSIVE SUBGRADE SHALES 


An experimental field study in South Dakota indicates that lime treat- 
ment of in-situ Pierre shales may be more effective and economical in 
reducing warp of the pavement surface than replacing highly expansive 
shale with stable soils. The experiment also yielded favorable results 
from soil treatment with lime-asphalt and a Products Development 
Company stabilizer (PDC). 

The major criteria in the evaluation were degree of improved stability 
and related reduction in warping. The evaluation was aided by test of 
moisture-density, modified field and laboratory CBR, plate load, annual 
comparative liquid limit, and PI, pH, and CaCO; tests. 

Precise level data and High-Speed Roughometer results were cor- 
related to determine warping effects on ridability. Frost penetration, 
patching, and crack studies were made to provide relative maintenance 
costs. 


Experimental Stabilization of Pierre Shale—Project F 039-1(1), Lyman County, 
South Dakota, April 1969, South Dakota Department of Highways report, Study 
No. 612(64). 


TRAFFIC SIGNAL ZONE OF INFLUENCE 


The results of a recent study of traffic platooning characteristics will 
help traffic engineers determine the maximum spacing at which traffic 
signals can be effectively interconnected under certain conditions. The 
study measured the degree of platoon dispersion as the vehicles moved 
down-stream from a signalized intersection. Dispersion can be used not 
only to determine maximum spacing for interconnecting traffic signals, 
but also to justify signal installation to interrupt continuous traffic flow 
(for example, to permit pedestrian crossing). 


Zone of Influence of a Traffic Signal, September 1969, Missouri State Highway 
Commission report, Study No. 69-6. 
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Role of Economic Studies in Urban Transportation Planning Vol. V—Typical Pedestrian Bridges (1962). $1.7 
(1965). 65 cents. Standard Specifications for Construction of Reade and Bridg 
The Role of Third Structure Taxes in the Highway User Tax _ on Federal Highway Projects (1969). $3.50. 


Standard Traffic Control Signs Chart (as defined in the Manu 
on Uniform Traffic Control Devices for Streets and Highways 
22 x 34, 20 cents—100 for $15.00. 11 x 17, 10 cents—100 fi 


Family (1968). $2.25. 
Second Annual Highway Beauty Awards Competition (1969). 


50 cents. 
Specifications for Aerial Surveys and Mapping by Photogram- $5.00. 
metrical Methods for Highways (1968). $1.25. Study of Airspace Utilization (1968). 75 cents. 
Standard Alphabets for Highway Signs (1966). 30 cents. Traffic Safety Services, Directory * National Organizatio: 
Standard Land Use Coding Manual (1965). 50 cents. (1968). 15 cents. 
Standard Plans for Highway Bridges: Transition Curves for Highways (1940). $2.50. 
Vol. I—Concrete Superstructures (1968). $1.25. Transportation Planning Data for Urbanized Areas (1970). $9.2 


Vol. II—Structural Steel Superstructures (1968). $1.00. » és 4 o 
Vol. [l= “Dimhber Bridses:(1966).-75 conte: Ultrasonic Testing Inspection for Butt Welds in Highway al 


Vol. I1V—Typical Continuous Bridges (1969). $1.50. Railway Bridges (1968). 40 cents. 
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